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576 . 809 . 5 : 576 . 851 . 2 (streptococcus) 

THE PHYSIOLOGY OF CAPSULATED 
STREPTOCOCCI 

J. Edgae SIobisos 

Frayn th6 Institute oj Pathology, Queen's University, Belfast, 
Northeryi Ireland 

(Plates I attd II) ^ 

Work reported previously (Morison, 1940) indicated that strepto- 
cocci isolated from human infections were capsulated during a 
period of their growth cycle and that the presence of a capsule, 
influenced by certain conditions of cultivation, helped to explain 
variations in colony form. The arrangement of the individual cocci 
in the young intact colon}^ was studied and the appearances justified, 
and indeed/ required, the assumption that there was present a 
capsular material not stainable by the usual methods. This 
material was revealed by the use of India ink. Capsulated organisms 
could also be shown to appear in the body fluids of animals dying 
from virulent infections (fig, 1 ). This report, like others reviewed 
at the time, was mainly descriptive, and there has been little 
consideration of the biological behaviour of the capsule. 

Kendall et al. (1937) described a complex carbohydrate best isolated 
from the supernatant broth of 24*hour'Old cultures of mucoid or capsulated 
variants of streptococci of group A. It was not present in significant amounts 
in cultures of the smooth or non*capsuIated variants. It was regarded os 
capsular material and wa.s a polysaccharide acid composed of equal numbers 
■of N-acetylglucosamine and glucuronic acid luiits. It was similar to the 
polysaccharide acid described in bovine vitreous humour and identified as 
liyaluronic acid (Meyer and Palmer, 1934), and also foimd in the lunbilical 
cord (Meyer and Palmer, 1936). A similar pob'saccharido was later isolated 
from synovial fluid mucin (Jleyer et al., 1939), from a filterable fowl sarcoma 
{Kabat, 1939) and from the viscous pleural fluid in a case described ns a , 
40Tnu\. or rAiH.— VOL. uu 1 A 
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mesotlielioma or endothelioma of the pleura (Meyer and Chaffee, 1940a). 
Robertson et al. (1940) described a mucin from connective tissue as similar 
to that of sjmovial fluid. Hyaluronic acid exists, but probably in combination 
as a siilphiuic acid ester, in the cornea and perhaps in the skin (Mej'er and 
Chaffee, 19406 ; Claude, 1940 ; Chain and Duthie, 1940). 

Seastone (1939) described a quantitative turbidity reaction given by 
hyaluronic acid and used it to study some of the factors influencing the 
liberation of the acid from streptococci of group C. He correlated the loss of 
capsifles, shown by staining, with the appearance of such a substance in the 
supernatant fluid and considered the loss to be an autolytic process. Meyer 
et al. (1940) appear to have regarded the destruction of the capsule as 
probably dependent on the same enzyme as splits piu-ified hyalxu-onic acid 
with the release of reducing substances. Such an enz 5 Tne, a hyaluronidase, 
was isolated from one strain of streptococci and from pneumococci. Some- 
what similar enzjnnes were also found in Clostridium tvelchii and in ox spleen. 

The relationship between hyaluronidase, which releases reducing sub- 
stances, and mucinase, described as capable of altering the simpler mucins 
and reducing their viscosity, is discussed by Robertson et al. (1940), McClean 
and Hale (1940) and Hobby et al. (1941). It has not been proved conclusively 
that these two enzymes are completely identical. Again, whether mucinase 
or h 5 ’aluronidase is identical with the Duran-Rejmals spreading factor has 
not been finally settled (Chain and Duthie, 1939, 1940 ; Meyer and Chaffee, 
19406 ; Claude, 1940 ; Hobbj' et al., 1941). It would appear that not all 
preparations showing spreading factor activity contain a comparable amount 
of hj'aluronidase. Many of the extracts tested must consist of a complexity 
of unidentified enzjrme mechanisms and some of these may be more important 
both in the spreading factor phenomenon and in capsular lysis. 

A more direct approach, to the phenomenon of capsulation and 
one more directly related to the morphology of the organisms appears 
both possible and useful. Such a study must be largely conducted 
in vitro and is a necessary prelude to any appreciation of the possible 
significance of capsulation in the many outstanding problems of 
bacterial invasiveness and virulence among streptococci. 

Techsiqui: 

Strains. All streptococci used belonged to group A (Lancefield). The 
greater part of this work was conducted with tluee strains, one of very high 
mouse virulence, one isolated from a case of scarlet fever and the third an 
old stock laboratory strain. Other representative strains were used to confirm 
the more significant findings. 

Capsulated organisms. These were readily obtained by growth, usually 
for about 3 homs, in Wright’s infusion broth with o-lO per cent, of horse 
serum and 1 per cent, of glucose added. The inoculum used was equivalent 
to at least one-lumdredth of the volume of medimn. It has not been found ‘ 
necessary to replace peptone with neopeptone (Difco) in good quality broth. 
Washings from blood agar surfaces were very rarely employed. Organisms 
were deposited with an angle centrifuge and resuspended imder the experi- 
mental conditions required, usually in fresh broth. In general a 0-9 per cent, 
solution of NaCl proved imsatisfactory as a suspending medimn and the 
behaviour of the capsules on organisms suspended in it was much less 
consistent. A more normal environment such as fresh culture medium was 
preferred' as standard. The possibility that fresh growth might occur during 
manipulations was prevented when necessarj' by chilling. 
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Demonstration of capsules. The India ink method of Butt et al. 
(1936) IS higlily satisfactory. Pro\nded the films are not too thick it con- 
sistently demonstrates small differences in the size of the capsules. Tlie 
staining with methylene blue plamly differentiates non capsulated organisms. 
The stability of the capsules under the given experimental conditions and tlie 
time of their disappearance were studied by exammation at frequent intervals 
and comparison with a suitable control of the same culture. By this rather 
tedious procedure variations m stability liave become verj' evident. Varia- 
tions m different cultures even of the same stram make it absolutely necessary 
to carry a strictly comparative control in every test. 

Capsular products. The reaction described by Seastone for the detection 
of hjaluronic acid depends on the turbidity produced by addmg 1 cc. of 
10 per cent, horse serum, buffered at pH 4 2, to 0-4 c c. of the clear super- 
natant fluid mixed with 5 c.c. of 0 5 Jl/ acetate buffer at pH 4'2. The more 
marked turbidity obtained on adjustmg the supernatant fluid of undiluted 
serum broth cultures to pH 4 2 also depends on the formation and 
precipitation of an artificial mucin. Tho reaction cannot be entirely specific, 
but it senses to mdioate tho appearance of a constituent of the capsule. 
Some digest broths and neopeptone are to be avoided. Strong salt solutions 
inlubit the reaction. 

Bacterial multiplication. Many difficulties beset accurate counts of strep- 
tococci and multiplication has been estimated only by comparison of the 
density of suspensions ^Vl^en necessary the capsules can be removed from 
organisms at a temperature above that permitting further growth. 

Hccmolysin. litres, determined in doubling dilutions, were only com- 
pared m the same experiment and with the same sheep red cell suspension. 
\Vliere necessary oxidation-reduction potentials were controlled with sodium 
hydrosulphito. 

CAPStTLAR SYNTHESIS 

The development of capsules varies both with the stram and 
ivitli the culture medium. Capsules are well marked only during 
active growth and are best developed in rich media containing serum 
and with an actively growing and well adapted inoculum. Capsula- 
tion has ceased before the period of marked growth decline and as 
the capsules rapidly disappear there is no reason to believe that 
capsulation in streptococci represents a preparation for the super- 
vention of unfavourable conditions, as is suggested by Hoogerheide 
(1939) for Friedlander’s bacillus. 

The development of capsules depends somewliat on the state 
of the inoculum. When organisms which have just lost their 
capsules are transferred to fresh medium, capsules may sometimes 
reappear within 15 minutes. If an inoculum from a SG-hour 
culture, which will long have ceased to produce capsules, is 
introduced into a fresh medium, a feiv small capsules may appear 
after half-an-hour, distributed in an entirely irregular manner on 
the coccal chains. Even after one hour only a proportion of the 
multiplying cocci may be capsulated (fig, 2) 

Capsules are usually well marked throughout the first 24 hours 
of gro^vth at 18®-20° C., when growth or anabolic activity as well 
as katabolic activity or breakdown is slow as compared with w’hat 
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occurs at 37° C. Indeed, capsulation often appears to be facilitated 
by growth at temperatures -below 37° C. At temperatures just 
above 37° C. multiplication is slowed, anabolism suffers most 
interference and the more active breakdown may completely prevent 
the development of capsules. Capsulation may be considered to 
depend on the balance of synthesis over destruction. 

Especially after repeated subculture in broth without single 
colony selection some irregularity in the size of capsules and in 
their stability may be seen (fig. 3). Attempts to fix permanently 
some examples of such variation witliin a given strain have failed, 
and there is evidence of a continual fluctuation in the cajjsular 
synthetic mechanisms. Tliis limited variation in capsular develop- 
ment, as weU as the variation imposed by differences in the individual 
suitability of the conditions of cultivation, necessitates some care 
in comparing the behaviour of different strains. 

The constituents of the capsule 

There is no information as to how hyalui’onic acid, identified by Kendall 
et al. and Seastone as a capsular constituent, is linked to the organisms, or 
as to whether it exists free in the bacterial membrane. Hyalmonic acid 
itself is not very soluble in water but its salts are highly soluble. Hyaluronic 
acid forms simple mucins resembling synovial joint mucin by simple salt 
linkages through its carboxyl groups with the basic amino-groups of proteins. 
Such mucins are easily extracted even in weak neutral salt solutions, and 
unless the protein fractions are very strongly basic they dissociate at a 
neutral or very weakly alkaline reaction (Meyer, 1938). In the native fluids 
of the body they apparently occur largely in the dissociated form (Meyer and 
Chaffee, 1940a). Kirmer union of carbohydrate to protein occurs in the 
siilphinic acid esters such as those found in the cornea and probably in the 
skin. To bring these into .solution, concentrated salt solution, a more alkaline 
reaction and sometimes a peptising agent such as a concentrated solution of 
vnea are necessary (Meyer and Chaffee, 19406). 

The solubility of the capsule in different salt solutions and in 
solutions adjusted to different hydrogen ion concentrations has 
been studied chiefiy at 4° C. to minimise enzyme reactions. The 
capsules are relatively stable. After violent shaking with sand for 
2 hours in either broth or neutral 9-0 per cent. NaCl, the capsules 
are only a little reduced in size, while manj’- of the coccal chains 
may be disrupted (fig. 4). They are often well preserved after 
7 days in 9-0 per cent, neutral NaCl at 4° C. and their stability does 
not differ fi^om those of organisms suspended in culture medium or 
glucose (fig. 5). Sometimes, however, especially if they are rather 
small and beginning to break down, they are less well preserved 
(fig. 6). This breakdown, and indeed all capsular disintegration, 
has appeared to be most marked in pure 0-9 per cent. NaCl. 
Capstdes at different periods of their existence may consist of 
components of varying stability. In any case the complex chemical 
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Fin 1 — A ■! Iioiir culture ehou ing irrogu 
larity in eizo oiul m capsular hix)nkdo\in 
among cnpsulatocl organisms Ihoro is 
o\ itlenco that tho small clear areas ropro 
sent incomplotoly disintcgrntofl capsular 
material Strain Cluilk ylOOO 



Fig 2 — Irngular flo\olopinont of 
capsules m a ono hour culture from 
a 30 hour inoculum Strain Clmlk 
xlOOO 



Fia 4 — A 3 hour culturo of capsulatod 
organisms (A) untreated, (B) suspendod 
m 0 0 per cent NnCl and shaken for 
two hours with sand, capsules onlj 
slightly reduced Strain Cook X 1000 
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and probably enzymatic changes leading to capsular disintegration 
ajjpear to bo facilitated at certain stages by relatively Ion con- 
contrations of NaCl, especially in the absence of otlicr comiilev 
organic material. Verj- concentrated solutions of urea considerably 
accelerate the disappearance of capsules in susi>onsions at iee-boN 
temperatures. Hydrogen ion concentration changes hoUveen pH O-t* 
and pH 4-2 do not markedly facilitate the solution of the capsule, 
but more acid or alkaline solutions appaicntly do, and they abo 
interfere with cj'tological examination. Hyaluronic acid as 
determined by Seastono's method cannot be c.vtractcd indcpcndcnllj' 
of some morphological changes in the capsule. These finding's 
s\ould seem to suggest that tho c.apsular material is not freo 
hyaluronic acid and that tho union uith jirotein is more stable 
than in sjuiovial joint mucin. It probably ie[)resents a union 
involving a sulphniic acid ester linkage, or is, as JIudd and Jleyci' 
siioculated (Jlcyer, 1038), a very complex linkage between a basic 
protein, nucleic acid and polysaccharide acid. 

Capsular polysaccharide 

Seastono’s test depends on tho formation of an aitificial mucin 
with tho hyaluronic acid fraction and is valimblo for tho detection 
of the i)roduots of capsular breakdown. Tho opacity produced at 
pH 4-2 has bceii corrolatod with the morphology of the oigaiusmS 
at intervals during growth in 9 capsulatcd strains. The ap])earanc0 
of a turbidity is ahvaj'S associated with the breakdown of capsules, 
this breakdown resulting in tho release of tho reacting substanco. 
Ho reacting material has been released from unshed non-capsulatcd 
organisms, either by grpiding with sand or b 3 ' further incubation. 
Procedures .such ns those oraploj’cd bj’ Lancefield (1928) and Fuller 
(1938) for tho isolation of the tj-pc and group antigens result in tho 
destruction of any substanco reacting in this test. .Small amounts 
of the material maj’ bo obtained and purified bj' allowing capsulated 
organisms in dense suspensions to disintegrate .and then precipitating 
it from the supernatant fluid with two a'olumes of alcohol or five 
volumes of acetone. 

Heemolysin 

Rings of hajmolysis appear around the more mucoid colonies on 
blood agar only when capsules begin to break down. In the strains 
examined soluble hffiinolj’sin does not appe.ar in serum broth 
cultures until the capsules show evidence of disintegration. There 
is then a sudden appearance of therraohabile serum hsemol 3 -sin in 
amounts out of all proportion to any multiplic.ation of the organisms. 
If the c.apsulated organisms from 100 e.c. of culture are resuspended 
in 3-5 e.c. of fluid and the capsules are broken dosvn at 37° C., a 
potent heemolysin is obtained. The titre of tliis is usually at least 
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4-8 times as great as that of the hsemolysin obtained by allowing 
the original culture to grow for a further period equal to that 
occupied in these manipulations. In this experiment the influence 
of further growth in the concentrated suspension may he somewhat 
obscure but there is no such difference in titre Avhen suspensions 
of non-capsulated organisms are similarly treated.. Again, if 
capsulated organisms are exposed in a thin layer of medium in the 
ice-box for 4 days, any preformed oxygen-sensitive hsemolysin 
might' he destroyed. K now concentrated and non-concentrated 
suspensions of these stiff capsulated organisms are exposed to 37° C. 
for 2 hours, the hsemolysin titres are found to be approximately 
equal. The hsemolysin now found is probably produced only by 
fresh growdh in both suspensions and none represents that pre- 
formed or retained within the capsule. It would be most desirable 
to effmuiate the complication imposed by growth but tliis has not 
been possible. Hsemolysin has not been released into non-nutrient 
suspending fluids. The hsemolj-sin in the cells is evidently more 
labile even than that in serum broth and is completely absent 
when the capsules are destroyed by exposure to 43° C. for one 
hour. In spite of this, there is some evidence that capsular break- 
down at 37° C. releases some hsemotysin independently of further 
growth and synthesis. However, capsulated organisms are not 
necessarj^ for hsemolysin production and even true rough variants 
produce hsemolysin (Dawson et al., 1938). There is no evidence 
that hsemolysin is produced by the breakdovm of capsular con- 
stituents but hsemolysin may accumulate Anthin the eapside of 
the organism. 

A hsemol3’^sin bound to the surface of young streptococci and 
extracted by shaking Avith inactivated serum was described by 
Weld (1934, 1935), Schliiter and Schmidt (1936), Hare (1937) and 
Cotoni and Pochon (1938). The possibffity of a relationship between 
this and the hsemotysin AA’hose release is at least delayed by the 
presence of capsules has been investigated. Ho hsemolysin Avhatever 
could be extracted, and shaking Avith glass fragments had little 
effect on the morphology of the capsulated organisms. 

CAPStTLAR niSIXTEGEATIOX 

A variety of conditions has been investigated ui an endeavour 
to, determine the factors responsible for the loss of the capsule 
and in the hope of controlling them. Differences in groAvfch activity 
and in the optimal requirements for capsulation exist between 
different strains. Even in the same strain at different periods these 
factors caimot be completely controlled. This necessitates great 
caution before advancing conclusions, especially those implying a 
relationship between capsular stabffity in vitro and animal virulence. 
Nevertheless, some results can be reported in fairly general terms. 



Flo. 6.— Unifonnly cnpsulrttcsl orgnnhms Fio. C. — Irrcpiilnrly cnp<!ulato<l organisms 
frojn ft 3*hour cuUuro rTsu‘*p<'iule(l lo «r snmo ciilturo n? fig. 3 suspondod in 

0 0 par cent. NnCl for 0 da^-s nt -I® C. 0 9 por cent. NnCl for 24 hours ftt 4® C 

Strain Cook, y 1000. Only somo of tho larger cftpsule^j are 

prcsor%'cd. Strnm Chalk. X 1000 



Fio. 7. — Capsules on formolisod and washed 
organisms after 4 hours nt 37® C. In 
heated cnryino extract. In the active 
extract capsules have iLsually almost 
entirely dUappoarod by this time. Strain 
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Tcmperalure ^ 

Umforni cxposuio of a oilturo fo 3G° C for 12 mimites m tlio 
inccliuni in wliich il hns grown oriii fresh biotli nil] usuallj hill Iho 
organisms Some piopnrntions lo'-e onlj n fraction of llieir capsiilni 
material In others, inanv cocci appeal naked and otliers, o\en 
in the same chain, niaj still ho capsiilatcd Not infrequentlj' all 
the organisms may be depiiaed of their capsules If taiisules, aio 
pirtiall} iiresoracd, furthci exposmo at SG° or 37° C results in 
further loss of capsular luaterial, and though the loss inaj ajipear 
less rajiid, all attempts to inhibit eapsulai breakdown bj’ the use of 
heat at this or anj highei tomporatiiio hare failed A temperature 
of 43° C usually results in destruction of capsules witlun one hour 
Concentrated suspensions of capsulated cocci at 37° C lose the 
greater part of their capsules m GO 90 minutes In spite of further 
growth, cultures of well capsulated organisms have often lost their 
capsules after a further two hours In some aerj mucoid stiains 
capsules are produced c\ on w hen growth is less aotia o and these may 
appear to persist longer xVt 18°-20° C , suspensions of capsulated 
organisms avhich haao passed their period of active growth are 
usually largely doaoid of capsules after 12-18 hours At 
temperatures of 0° 4° C theio is little detectable capsular dis 
integration for soveral dajs, and rnaikod change is not often seen 
until the sesenth or cion the fourteenth daj Experimentally, at 
all temperatures, capsulated organisms m aery dense suspensions 
are if anytlung loss stable than those m dilute suspensions 

The mfluonco of tempciatiiro is not that expected for a process 
inaolanng a simple solution m a non saturated solvent The reaction 
to the rise of temperatiiro may be modified by phj sical changes, such 
as that from a hjdropliobo gel to a hjdiophil sol An enrjmic 
alteration of the capsular substance would best explain both the 
influence of temperature and the normal breakdown of the capsule 
during grow th anth the liberation of hyaluronic acid 

Hydrogen ton concentration 

In broth suspensions of capsidated organisms the influence of the 
hydrogen ion conceutiation alone and independent of growth 
cannot be studied within the temperature range of active growth 
How^over, it can easily be shown that such changes as may occur in 
the nieditim during grow th are alone unable to influence significantly 
the breakdown of the capsule In saline suspensions of group C 
streptococei Seastone believed that disintegration was moreased 
both above and below pH G (1 

Oxidising and, reducing agents 

The presence of organic material renders the measurement of 
the effective concentration of some of these agents difBcult A 
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wde range of concentrations lias been employed. Hydrogen 
peroxide and iodine appear to accelerate greatly capsular breakdown 
eveir in the cold, and so far no lower concentrations have been 
found effectively to inliibit capsular lysis. The production of 
oxidising conditions in bacterial cultures occurs much too late to 
explain capsular disintegration. Strong reducing potentials main- 
tained with cysteine and with sodium hydrosulplute failed to 
influence tlie rate of capsular breakdown as compared ■with that of 
similar untreated organisms exposed to temperatures of 43° and 
56° C. 

Formalin. Contact Avith formalin in concentrations betAveen 
0-5 and 1-0 per cent. Avill often permit good preservation of strepto- 
coccal capsules for 15-20 hours at 37° C. Organisms exposed to 
even 1-0 per cent, formalin in the ice chest for 24 hours and then 
thoroughly Avashed are less stable and may shoAV considerable 
reduction of cap.sules Avithin 5 hours at 37° C. Strong reducing 
potentials maintained Avith thioglycollic acid in broth resuspensions 
of tliese Avashed organisms had very little influence on this. It 
has not been determined if this phenomenon depends on a partial 
reactivation of a capsule-splitting enzyme. ' 

Dubos (1937 a, b, c) has reported an interesting series of observations on-' 
the intracellular enzymes of the pneumococcus responsible for its dis- 
integration, for the loss of Gram-positive staining and for the loss of its 
type-specific antigenicity. Later (Dubos, 1938) he shOAved that Ioav but 
letlial concentrations of formalin might even accelerate this autolytic process 
and that pneumococci exposed to higher concentrations were stable. How- 
ever, when washed free of formalin the.se pneumococci underwent the change 
from the Gram-positive to the Gram-negative state. This partial reacti\'atiou 
of the autolytic enzyme, or enzymes, of the pneumococcus is probably more 
complete than that of the streptococcal capsule-splitting enzyme. The 
influence of hy'drogen ions, iodine and other factors on the pneumococcal 
enzyme mechanisms is also more apparent. , 

Other substances. Mercuric chloride (1 ; 1000), gentian violet 
(0'2 per cent.) and carbon monoxide (to saturation) failed to inliibit 
or appreciably retard capsular destruction. In lethal concentrations 
ethyl alcohol accelerates capsular breakdoAvn even in the cold. 
Bile in a dilution of 1 ; 5 causes almost complete disintegration of 
the capsules in 30 minutes at 18° C. Sulphanilamide in no waj'^ 
influences the breakdoAvn of the already formed capsule. 

A 

In summary, the rate of loss of the capsule is markedly influenced 
by A^ariations in temperature. The process is not one of simple 
solution and is not dictated by any change in reaction or in 
oxidisation-reduction potential wliich could occur during groAvth. 

It is suggested that it may best be regarded as depending on an 
enzjrme reaction. OAving to the stability of the enzyme and the 
relatiAm rapidity AAUth Avhich it may destroy the capsule it has 
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proved impracticable to prepare entirclj stable suspensions of 
organisms rotanimg tlieir capsules This contrasts with conditions 
among pneumococci, whore iiietliods similar to those hero emplojcd 
for stroptoeocei sliou that capsules are prcseriod on lieat killed 
organisms as used for the prejiaration of tv pe sera This dilTerciico 
in stabilitv maj be of aomc importance 

Tut evrSULF DESTROVtNO Esrwit 

If the supornvtant fluids from cultures of organisms, which have 
lost tlieir capsules are readjusted to a suitable hjdrogen ion 
concentration fresh growth of organisms with well defined capsule- 
ean bo obtained The factor producing the destruction of capsules 
cannot bo present in olfectivc concentrations as an o\tra cellulai 
product ilultijibcation of a factor resembling a bactenophago but 
limited to destruction of capsules mav also be eliminated 

A difficultj confronting further studv has been to obtain and 
preserve tbo substrate — tho unaltered capsular materia! — and to 
dcstroj such capsular dcstruetiv e mechanisms ns aro iiormallv 
associafod with it Tho use of formalin to I per cent provide- 
relativclv stable and intact capsular material Bj careful controls 
it seems possible to demonstrate some onrvmo bko activitj in the 
supernatant fluid obtained when capsulatod organisms are re 
suspended in a greatly reduced volume and their capsules broken 
down by ovjiosiiro to 37° C for 2 3 hours This h tic nctnity occurs 
in spite of the large amounts of tho end products of such a reaction 
which aro released along with tho enzyme into such concentrated 
suspensions 

Experiment Well capsulfttcd orgimi'ams from n hour growth wero 
treated with formalin m a concentration of I jh r cent After washing threi 
times m broth the capsules were onK slightly reduced m size Fresh 
capsulatcd orgariisnxs from 100 c c of cuUim were rcaxtspcndcd m 3 c c of 
broth for 3 hours at 37° C Their capsules disintegrated The supernatant 
fluid was adjasted to neutrahtj Half of this was exposed to 60° C for 2 
hours and constituted a control Another control was fresh infusion broth 
Hea\*j suspeitsions of tho washeil formolised organisms wero added to cacli 
and at mtervaK samples were studied for e\ idenco of capsular disintegration 
Tests were carried out at 43°, 37° and 20° C and in all of eight C7>sentiallj 
similar experiments consistent results wore obtained With tho imheated 
material there was a marked acceleration, of capsular disintegration ns 
compared with tho control (fig 7) The nctno unhentod supernatant fluid 
\i*uallj contained much irregular mucoid material which had separated durmg 
the breakdown of tho capsules at 37° C The filaments and masses of this 
material were first further broken down, after which the capsules of tho 
added formoltsed organisms disappeared 

This experiinent suggests thaf small amounts of a thermolabile 
agent capable of breaking dowoi the capsule are released during 
capsular destruction No evidence is available as to tlie identitj 
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^ of tliis substance witb hyaluronidase isolated from one strain of 
streptococci and from pneumococci by Meyer et al. (1940). 
Hyaluronidase has not been available and its influence on the 
morphology of capsulated streptococci is unkno'wn. It is of interest, 
however, that Meyer et al. (1941) have failed to isolate hyaluronidase 
from 13 out of 14 strains of streptococci. It seems possible that 
the mechanism of capsular lysis is of considerably greater complexity. 

iMMXTNOLOGICAIi PROBLEMS 

No progress has been made with the immuno-chemistry of the 
capsule. It seems liliely that if the capsular material is to act as an 
efficient antigen it must be presented as a stable protein-containing 
complex. Organisms lolled as suggested by Loewenthal (1938), 
even if partially capsulated when injected, •will undergo further 
disintegration. Formalin-treated organisms possess somewhat more 
stable capsules. The type antigen may be a surface antigen but the 
type reactions are best given by organisms devoid of capsules. It 
is possible that fractions resembling the t 5 rpe-specific protein M of 
Lancefield, the labile antigen of Mudd et al. (1938) and the antigenic 
fraction of Hirst and Lancefield (1939) may contribute to the 
capsular complex. It is doubtful if the cultures employed or the 
methods so far used could be expected to preserve the capsular 
material intact. Tliis failure may be of importance when the low 
protective potency of streptococcal antisera is compared -nuth that 
of specific pneumococcal antisera. However, even if preserved 
intact, the lack of “ foreignness ” of the capsular carbohydrate 
fraction may limit its practical utility. 

The preparation of organisms either by heat or by formalin and 
with capsules demonstrably well retained, at least at the time of 
injection, is somewhat difficult and tedious. Such material must 
often be prepared afresh for practically each injection. As yet only 
a few rabbits have received a satisfactory series of injections. 
Other rabbits have been injected -with the unstable mucin resembling 
that of syno'vial fluid and formed by acid linkage of hyaluronic 
acid to serum, and also mth organisms devoid of capsules. No 
precipitin reactions 'with hyaluronic acid and no agglutination or 
capsule-swelling reactions with capsulated organisms have been 
demonstrated. Kendall et al. explained the inability of sera 
prepared agamst mucoid strains to react with hyaluronic acid as 
due to the normal presence of the acid in the -mammalian body. . 
Meyer et al. (1939) obtained no reactions using Loewenthal’s method 
of preparmg antigens and found s 3 mo'vial fluid to be inactive as 
an antigen. 

More interesting than the serum reactions are speculations on 
the possible cellular reactions. If the body cells, especially the 
mononuclear cells, were to become progressively sensitised to the 
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ivliolo stioptocoocuM ns the result perhaiis of repeated streptococcal 
, iiifootioiis, tho presence of relati\el3 largo amounts of the specific 
polj saccharide lu cortam tissue elements might give some significance 
and localisation to certain t3 pcs of cellular reaction Tho poh - 
saccharide acid, whieh might then act ns an allergen, is associated 
svith prmiitivo in3\omntous cells and their dorivalises , these lino 
joint spates and tho serous sacs and tho3 persist in loose interstitial 
tissue Tims sonic basis for a localisation of such lesions as aio 
attributed to streptococcal nllcrg3’ might be suggested Such a 
distribution is not ter3 dissimilar to that of tho lesions ui rheumatic 
fes or 

SuMMUlt 

The bohat lour of tho capsules of gioiip A streptococci iindci the 
mfluonce of a \nr1ct3’ of ph3sical and chemical agents has been 
studied 

The capsule is not mnrhedl3’ influenced b3 pli3 siological 
sanations of li3drogcn ion conoentiation or b3 concentrated salt 
solutions A substance boha\ mg like 113 ahnonio acid is a cheniicall3 
linlvcd constituent but the capsule itself is of much gieatei 
complo\it3 

The capsule is rnpidl3 de»ti03ed 113 heat, and this change, 
behoved to depoiid on enzyme autol3Sis, intiodiices great difiiculties 
into tho projiaiation of stable suspensions of cnpsulated oignnisms 
Tins, and tho pros lously’ described idcntit3' of the capsular carbo 
h3drato ssith that norninll3 piesent in tho mammalian bod3, mas 
haso important imphcations in imniunit3’ and m the production of 
allergic reactions 

Tho 011730110 like mechanism dcstio3 mg the capsule is influenced 
somesvhat by foimahn but not usefull3 b3 a groat number of other 
agents Tho enzyme like factor has been separated from cells and 
its activit3 demonstrated, but it has not been purified 


I TTish to thftnJc Professor J H Bjggart nnd Dr N C Gralnm for 
encoiirogoment and odMco during tho course of thii. im estigatJon, tho 
Medical Research Council of Ireland for o grant m aid Sir T Bums for care 
in tho preparation of media and Mr D McA Slehaffkj foi teclinical assistance 
'tvith photography 
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THE CAPSULATION OF STREPTOCOCCI AND ITS 
RELATION TO DIFFUSION FACTOR (HYAL^ 
URONIDASE) 

Doi'OLas JIcClean 

I rom the Lutcr InstUntc of Preicntac Medicine LlMrcc Herts 

A SUBSTWCT ^vluch cniisis un immodintt nnil dramatic increase m tin 
pormonbilite of thu tis-iULs can bo obtained from tlio most diverse -sources 
for example, from mammalian testicle (MeCltnn 1930 1931 , Hoffman nml 
Duran Roemals, 1031), from fiUiates nnd extracts of stnplulococci and 
streptococci (Duian RevnaK 1933) fiom oipanj-'ins of the gas gangrene group 
and virulent pneumococci (McClean 1930) from extracts of malignant 
tissues (Duran Rovrials and Stiwart 193! Bov land and McClean 1935) 
from snako nnd spider vtnoms (Duran Revnals, 1939) and from leeches 
(Claude, 1937) Ihc mcreaso in dirmnl permeabilitj is rthovrn bj the rapid 
disappearnnco of tlic bleb produced bv tJie mtracutnneous injection of thesi 
extracts and In the rapid spixntl through a large area of skin of anj suitable* 
coloured indicator that max h< mjcct<d togitliei with tlicm Tins diffusion 
Is so striking that it max bo compared with tho difh ri iit behnx lour of a drop 
of water when placed upon glazcil and upon blotting paper Tlio mechanism 
whereby tins efTeot is produced was not known until (3hnm and Dutliie (1939) 
reportetl tint purified preparations of testicular {liffusing factor ojJnbit a 
remarkable mucolj*tic activity chnracteiiscd b\ a rapid fall m the xiscositx 
of tho muco protein of sjnoxinl fluid nml xiticous humour nml tho 
liberation therefrom of reducing substances IJns observation suggested 
tliat tho mucol 3 *tic and diffusmg activities might bo duo to tlie same 
factor and that tlie spread in tho ti'-sucs might be due to tho action of the 
enzjTno on tho mucin hko uitcrfibrjllnr substance of tho dermis Those 
authors have since published (1940) an investigation into tho characters of 
this enzjTOe derived from testis and other sources Tlicj reported good 
agreement in quantitative comparisons of the vi'-cositj reducing nctivitj of 
enzyme preparations from mam sources with their nctivitj os spreadmg 
factor m rabbit skin , thov succeeded in isolating from rabbit skm a substance 
closely resembling hvoluronio acid which was acted upon bj tho enzjrme It 
liad previoiLslj been shown bj "Moyer nnd Palmer (1930) tliat the muco protem 
of vitreou-s humour and umbilical cord contained a muco polj-saccharide 
which thej had designated bj tho name hvniuromo acid It seems reasonable 
therefore to call tho enzjTne which Jij drolj scs this substance hj aluronidase ” 
M9iilo tlus work was m progress Mojer ct al (1940) reported tlio hjdroly»is 
of hyaluronic acid bj certain bacterial enz 3 ’ines and Robertson ct al (1940) 
described an enzjrrae derived from culture filtrates of Cl uelckii and other 
organisms which hydrolyses sjaiovial fluid , neither of these groups of 
workers had at that time connected the mucDlj-tic activitj of their prepara 
tions with the effect on the permeabilitj of the tissues 

McClean and Hale (1940 a and 6) confirmed the association between 
diffusion in tho dermis and mucolj’tic activntj exlnbited by extracts from 
13 
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various sources. They also reported that tlie activity of the bacterial 
enzjunes could be completely inhibited by appropriate antisera. They later 
studied the behaviour of these enz3nnes apd of certain artificially prepared 
compounds which reduce the viscosity of hyaluronic acid (McClean and 
Hale, 1941) and found that the inclusion of potassium hyaluronate in the 
culture medium of Cl. wekMi resulted "in a considerable increase in the 
production of hyaluronidase by this organism. This “ adaptive ” enzyme 
effect is of considerable interest in relation to the metabolism of all those 
organisms which produce liyaluronidase and in the pathology of the diseases 
which they cause. Gas gangrene infections are characterised hy extremely 
rapid spread through the tissues ; it appears likely that as soon as Cl. welchii 
starts to proliferate in the? tissues the hyakuonic acid there is attacked. 
Thus the organism is able to use this metabolite and, at the same time, 
by destroying the viscosity of this material, to increase the permeability of 
the tissues and render mor^ of the specific substrate accessible. In addition, 
the presence of hyaluronic acid causes the organism to produce increased 
amounts of the enzjune ; thus a vicious circle is set up which promotes the 
rapid extension of the infection. Duran-Reynals (1933) lias correlated the 
invasiveness of strains of staphylococcus and streptococcus with the yield 
of diffusing factor, which may act in a similar manner in infections by these 
organisms. 

It is of interest to determine the part played by hyaluronidase in the 
virulence and local invasiveness of infections due to organisms that produce 
this enzyme. In view of the teclmical difficulties of infection experiments 
with Cl. wetchii, it was decided to make a preliminary study of streptococcal 
hyaluronidase and its relation to the capsulation of these organisms. Bordet 
(1897) first reported that virulent streptococci develop capsules in the body 
of the infected animal and resist phagocytosis, the non-capsulated organisms 
being phagocytosed. Hare (1931) shoived that virulent streptococci in yoimg 
culture resisted phagocytosis by human blood whereas organisms from old 
cultures were readily phagocytosed. Seastone (1934) correlated the resistance 
of yoimg cultures to phagocytosis with the presence of a capsule which 
disappears in older cultures. Ward and Lyons (1935) concluded that, 
although resistance to phagocytosis is associated with the presence of 
capsules, this structural difference between virulent and avimlent strains 
cannot be the sole factor in determining resistance to phagocytosis since 
certain non-capsulated virulent variants also resisted phagocytosis and one 
attenuated capsulated variant was readily phagocytosed. 

Kendall et al. (1937) isolated from the “ mucoid ” (capsulated) phase of 
various types of group A streptococci a serologically inactive polysaccharide 
which appeared to be identical with that isolated by Meyer and Palmer 
(1936) from vitreous humoiu’ and from Mliarton’s jelly of the umbilical cord. 
This polysaccharide, like those from the vitreous humour and umbilical cord, 
was hj’^drolysed by the aiitolytic enzyme of the pneumococcus which is now 
known to be hyaluronidase (Meyer et al., 1937) and which diffuses in the 
tissues and appears to be strictly specific for hyaluronic acid. Seastone 
(1939 a and 6) concluded that the virulence of several variants obtained 
from a group C streptococcus isolated from a guinea-pig epidemic depended 
upon the possession of capsules which were composed of a serologically 
inactive polysaccharide similar to, if not identical with, that isolated by 
Kendall et al. from group A organisms. He correlated the disappearance of 
capsules in ageing cultnres with a diminution in the yield of this pofysaocharide , 
from the bacterial growth, but was unable to confirm the findings of Pradhan 
(1937) that young cultures of invasive strains produce both capsules and 
diffusing factor. In Seastone’s opinion the invasiveness of group 0 
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Btroptococci IS as<;ocmtctl ^\ith the prcNcnco of cnp->u]ps compo->pd of this 
polj sncclirtnclc, wlitcli ho ixgnrckil ns n **Mnilcnco factor”. Thus ho docs 
not distingui'ih between tlio pro])crty of local imn-sixtiicss and timt of 
\imlcnco or killing power, but it appiars tliat those two attributes of tho 
organism ma> \arj mdopcnd<.ntlj and ma> dejicnd upon separate factors 
It lm> been suggc'.tcel that tlio \ milence of streptococci may bo Q-vSociated 
witli tho po-'Ses^ion of onp^iilcs but it is known tlint other strains wliicli 
ha\e be'cn described ns m\asi%o (Dman Rejnials, 1033) secrete an cnzjmc 
which increases tho permeability of tho tissuts b} its action on muco protom 

It therefore seemed desirable to study tho production b} 
streptococci of capsules and of this enrymo and to investigate thoir 
relation to each other and tho part they play in detciminmg cither 
tlie virulence or mvasivcnoss of tho organism Some of tho obser\ a- 
tions to bo described hero have already been briefly reported in a 
preliminary' communication (SlcClcnn, 1941) 

Methods 

Mo^t of tho «.tniins of Slrcptococcus pyogenc3 cmplovod were obtained 
from the Xntionnl Collection of Tvp<» Ciilturo^ and were of knowii Lnncefield 
group and «crological t\'po Four lmtJ^)cd strain’s onginnlK isolated fiom 
cases of erjhipolas (Eagles, 1920) wtro obtained from the same source 
Group B strain.", fnddy isolated from bovmo mastitis, and group C strains 
from infections m tho horeo wero kin<ll> supplied b\ Mr S J Edwards and 
Jlr K C Sellers of tho Agricultural Research Council Field Station, Compton 
Two “mucoid” group C strains wtro obtained through tlio courtcsj of 
Dr E W. To<ld of the L C C Antitoxin Laboratories 

Cultures were stored m tho cold in l)Ioo<l broth Cap■^^lle production was 
obsened after 2 hours’ incubation in iico peptone lnfu'^lon broth to which 
20 per cent of serum and 0 1 per cent of glucose had been added Wlion 
tho supply of nto peptone faikd it was found that E\nns’s peptone could 
bo used with cqui\ alent results All tho stnuns were nUo culti\ ated on plates 
containing medium similnrlj cnrichctl with glucose and semm in order to 
observe colonial tjpo and capsule production on solid media 

Tlio composition of both broth and solid media was varied in certain 
experiments bj tho inclusion of livnluronic ncid or lijnluromdnso m ordei 
to deterrmno the mflucnco of those substances upon colonj formation, cap^ulo 
produotion and tlio formation of lijnluronidnso bj the organisms 

In tho earlier experiments capsules vrero examined with tho aid of Ills',’" 
stam, but tho India ink method was foiuid to ho superior and was used 
exclusively m most of tho observations Tho organi'<ms wero counter- 
stained with Loefiler’s mcthjleno blue 

Diffusing activity in tho tissues was tested bj measuring tho area of 
spread of intracutnneous injections of dilutions m isotonic li'cmoglobm 
solution of culture filtrates or centrifuged culture supernatant fluids according 
to the method described bj McClean and Hale (1041) 

Hjaluronidaso activity was titrated either visco^imotry (Macbnaveitia 
and Quibell, 1940 , AlcClean and Hale, 1941) or by determmmg the highest 
dilution of tho supernatant which would digest a subs,trato of tho 
muco poly^acchando to tho point when this substrate in tho presence of 
sonim protein would no longer produce tho typical mucm clot on tho 
addition of acetic acid For some reason, not jet completelj understood, 
it has not been possible to titrate streptococcal li j almonidaso acciwately 
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by tho viscosimetric method successfully employed "witli enzjTnes derived 
from testis, Cl. welchii and vibrion septique. The rate of the reaction with 
streptococcal hyaluronidase does not bear the same direct relation to 
concentration of enzyme as it does with hyaluronidase from other sources. 
This experimental difficulty is imder investigation. It was known, however 
(Seastone, 19396), that the muco-polysaccharide when mixed with serum- 
protein produces a typical mucin clot in the presence of acid. Experiment 
-showed that, if increasing dilutions of enzyme were incubated with a substrate- 
serum mixture for 20 minutes in a water-bath at 37° C. and the end-pomt 
of destruction of clotting power determined by the addition of a constant 
amoxmt of acetic acid, the potency of the enzyme could be determined with 
an error of d:20 per cent. It was found, moreover, that this in-vitro test 
gave an end-point comparable with the highest dilution producing increased 
diffusion in the dermis and there is good correlation between the two tests, 
thus affording additional evidenee that the action on tissue permeability is 
directly due to hyaluronidase. The time taken to destroy the clotting 
power of the substrate is not direetly proportional to concentration of 
enzyme, but if the time of the reaction is kept constant the highest effective 
dilution of enzyme is proportional to the potency of the original sample. 

The muco-polysaccliaride substrate was prepared from IVliarton’s jelly 
of the umbilical cord b3' the method of Meyer and Palmer. The serum used 
in the preparation of the serum-substrate mixture should be tested before 
and after incubation for 20 minutes, to enstue that it does not itself destroy 
the clotting power of the substrate ; samples of seium are occasionally 
encoimtered which themselves contain an enzyme which attacks the muco- 
polysaccharide. 


Experimental results 

Behaviour of strains freshly revived from stock cultures 

Cultures in broth eniiclied tvitli serum were examined after 
2 and 20 hours’ incubation for the presence of capsules and the 
supernatant fluids were tested for the presence of diffusing factor. 
The results, together with those obtained after animal passage, are 
shown in table I. 

Two of the four scarlatinal strains (types 1-4) produced capsules, 
one produced diffusing factor but no capsules and one produced 
neither. All the other group A strains of known type produced 
.capsules but no diffusing factor after 2 hours’ incubation. The 
four erysipelas strains when first revived showed neither cajisules 
nor diffusing factor. It is only fair to state that these erysipelas 
strains had been maintained in artificial culture for man 3 ’- years 
without animal passage. 

Four group B strains (untyped) freshly isolated from cases 
of bovine mastitis failed to develop capsules, although two of these 
strains (“ Mary ” and “ Tuhp 2nd ”) showed slight but definite 
halos both in young broth cultures and at 20 hours on serum-enriched 
plates. These halos did not, however, resemble the typical capsules 
developed by certain group A and C strains, and, unlike these 
capsules, they were not susceptible to the action of hyaluronidase, 
as will be described later. The group B strains all produced moderate 
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amounts of diffusing factor or hyaluronidnsc. Quite rccentl}'’ 
Dr E. W Todd 1ms supplied me uith a group B strain (strain 090, 
Table I 


Capsule /ornuition, dtjfuiiug Jmtor and hyahironulasc production of freshhj 
rented and animal p(issaijcd strains of streptococci 
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Source of itmtii 


DifTudon 

> (m «I (I ) 

Ilvtlur 

onldiM* 

LdJi'Ulc^ 

Dlffudon 
in the 
dtrmU 
(m fl il ) 

n^aliir- 

oUda-it 



Group A strains 




Scarlatina 

1 

+ 

>0 2 ml 





„ 

2 

- 

>0 2 

■ 

+ 

i>0 2 ml 

0 

„ 

1 

•f 

>0^ .. 

1 




„ 

4 

- 

10-’ 

10'* 




Unknow n 

8 


>0 2 „ 





„ 

n 

+ 

>0 2 

0 


>0 2 ml 

0 

„ 

10 

+ 

>0 2 

0 

+ 

>0 2 .. 

0 

P^rjfiipolos — 


' 

>0 2 

0 

•4- 

>0 2 „ 

0 

{NCTC 2300) 

Unknown 


>0 2 .. 


— 

10'» 

10-* 

{NCTC 2G1C) 



>0 2 .. 



10-* 

10-* 

(NCTC 2010) 



>0 2 


_ 

10-* 

10‘* 

(NCTC 2307) 



>0 2 „ 







Group B strains 




Bomho ^Instills— 








(“ Mory ”) 

Unknown 

Slight 

10'* ml 

10-* 






halo 






( ‘ Filbort ”) 



10 „ 

10'* 




( * Tulip 2nd ”) 


Slight 

10 > 

10'* 






Imlo 






W2 

’’ 

— 

10’.. 

10'* 






Group C strains 




Bo\mo Jlastitis — 








(NCTC 5983) 

Unknown 

_ 

10-> ml 





Unknown 

7 

_ 

10'* „ 

10 • 

— 

10-5 

10-6 

». 

20 

_ 

10-* .. 

10-* 

— 

10-* 

10-’ 

Loowenthal AI 

M 

_ 

10 * „ 

10-* 

— 

10-5 

io-< 

Unknown 


>0 2 ml 

0 




» 0 


-' + -r 

>0 2 „ 

0 




Foal sopticxmia 



>0 2 .. 

0 




3Iaro Z 



traco 

trace 







>0 2 .. 

0 




3 

•• 

+ -^ 

>0 2 „ 

0 





Diffusion in the dermis minimal diffusing (lo‘?o(mtld) = highest dilution of 
culture supernatant producing incroasod sproatl of ab least 20 per cent 

Hjaluronidaso the figure sbo^vn represents tho highest dilution of culture 
supernatant that completely destro>ed the clotting power of mucin on tho addition 
of acetic acid 0 = no destruction of clotting power 
N C T C = National Collection of Tj^pe Cultures 

type la) %\Iiich develops well marked capsules m serain glucose 
broth. These capsules persist up to at least ti\enty-four hours’ 

Jouax OP PATH — VOL Ull B 


18 


D. McCLEAN 


incubation and are not destroyed by byaluronidase from any- 
source, thus indicating that group B capsules, ndien they occur, 
are not composed of hyaluronic acid. Moreover, this strain itself 
produces hyaluronidase in high titre. It is not included in table I. 

, Four group C strains, including one untyped non-hsemolytic 
strain originally derived from a case of bovine mastitis, all failed 
to develop capsules but produced modepte amounts of difFusing 
factor. Two group C “ mucoid ” strains showed very large capsules 
and no hyaluronidase or diffusing factor after 2 hours’ incubation. 
Of four strains of equine origin, two showed no capsules and one of 
these produced traces of hyaluronidase ; the other two strains 
developed definite capsules on a large proportion of the chains and 
produced no hyaluronidase. 

It wiU be noticed that none of the strains examined produced 
both capsules and diffusing factor at the same time. Those strains 
that develop capsules show them after 2 hours’ incubation but they 
have disappeared at 20 hours. The diffusing factor appears after ' 
2 hours but there is a further increase at 20 hours. The supernatant 
fluids showing diffusion in the skin were tested viscosimetrically for 
hyaluronidase activity but, as already explained, could not be 
accurately titrated by this method. They caused a definite fall in 
the viscosity of the polysaccharide in 30 minutes. The results of the 
test for the destruction of the clotting power of mucin are shown in 
table I. 

The effect of serial passage through mice 

Three representative capsulated group A strains and tliree 
group 0 strains which produced diffusing factor were injected 
intraperitoneaUy into mice and recovered from the heart blood after 
eighteen hours. This passage was repeated four times and resulted 
in a considerable increase in the virulence of the strains. 

The observations on capsules and diffusing factor production 
were repeated after mouse passage. There was no change in the 
incidence of capsules but they were more marked and there was 
approximately a hundredfold increase in the production of diffusing 
factor by the group C strains. There was also a considerable 
increase in hyaluronidase activity, measured by the test for the 
destruction of clotting power and by diffusion in the skin. It was 
also noticed on centrifuging the cultures that the capsdlated strains 
did not pack down tightly but that the non-capsulated strains did 
so and were not disturbed when the supernatant fluid was decanted- 

Three of the foirr erysipelas strains were serially passaged 
through three mice and re-examined for capsule formation and 
' hyaluronidase production. The fourth strain failed to establish an 
infection and could not be recovered. As will be seen in table 
after tliis animal passage all three strains showed moderate diffusing 
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activitj and Iijnlnronidnso jiroduction and no capsule formation 
Erjtipohs IS an infoction with a t3pical spreading character and 
it bcoms liheh’ that lijaluronidase plays a pait m determining 
the natiiro of tins disease It was unfortunate tint no strains 
freslilj isolated from cases of crjsipclas nero available for examina- 
tion Oiir observ ation on the dilfusing activitj of orj sipolas strains 
confirms that of Duran-Roj nnls (1933), vilio reported that strains 
from this source viero among the most active oxaniinod by him 
He show cd that the diffiising factor elaborated by mv asivo oiganisms 
passes into the bloodstroim, causing a general increase of tissue 
porracabilitj vihicli may enhance local infections olsovihero 

The action of hyahirontdasc on streptococcal capsules 
One quarter of a ml of a 2 hour culture of a representative 
capsutated strain was mixed with an equal volume of purified 
testicular hj’aluronidaso and, after one minute, examined for 
capsules These had completclj disappeared A control sample 
mixed with the testicular extract inactivated bj heat still showed 
tj’pical capsules This observation was repeated with all the 
capsulated strains by adding a hj’aluromdase containing supernatant 
from one of tho group C cultures, with the same result The capsules 
of all tho ‘ mucoid ” group C strains were also destrojed bj 
hj’aliironidnso from various sources Thus it appears that tho 
capsules of both group A and group C streptococci are destrojed by 
hyaluromdaso derived not only from testis and Cl lulchu but 
also from other streptococci This conlirnis the reports of Kendal 
cl al and Seastono that tho capsules of both groups are composed of 
hj’aluromc acid The halos and capsules already noticed in the 
group B strains vi ere not affected by hj'aliiromdaso 

The following observations vioro made upon the 20 hour culture 
supernatant of a strain which had shown capsules after 2 hours’ 
incubation 0 25 ml of tins supernatant was mixed with an equal 
v'olume of heated and unlicatcd streptococcal and testicular 
liyaluronidase with tho results show n in table II In control tubes 


Tadeji II 

The precipitation of hi/alwonic acid from the eiipernatant fluid of a 
20 hour culture of a capsulated strain of streptococcus 


Culture orsupematTut Ilu^U 
(stnin type J) 

Cnr>rtte or control fluid ad led 

Ircclpltatlon t\Uh 
acetic acid 

0 ml 

0 2.) ml streptococcal hjftltironida«io 

— > 

0 S') 

0 25 , unmoculatocl broth 

+ + + 

0 25 „ 

0 1 ,, toslis h) alurorudnse 

— 

0 25 , 

0 1 „ heated testis h^aluronidase 

4- + 4' 

0 5 iminoculfttcHl broth 

0 1 , testis hyaluromdaso 

— 

0 5 

0 1 , heated testis hjaluromda«o 

-f 
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iminocuJated broth was added to the supernatant instead of 
hyaluronidase and hyaluronidase to the uninoeulated b^o^h. 

It will be seen that after the addition of active hyaluronidase 
to this culture supernatant no precipitate developed on the addition 
of acetic acid ; the addition of uninoculated broth or inactivated 
enzyme did not prevent the appearance of a definite precipitate. 
The supposition that this precipitate consisted of hyaluronic acid 
is supported by the fact that it fails to appear after the addition of 
hyaluronidase and also because the actual addition of 3 drops of a 
0-25 per cent, solution of hyaluronic acid to the uninoculated broth 
produces an exactly similar precipitate when acetic acid is added ; 
the addition of 4 drops of hyalurojiic acid solution results in a typical 
mucin clot in the presence of acetic acid. Table II also shows that, 
in the presence of heat-inactivated hyaluronidase, um'noculated 
broth gives a very slight ‘precipitate in the presence of acetic acid ; 
this cannot, however, be confused with the other jjrecipitates referred ■ 
to above. 

It appears, then, that ageing cultures which have been capsulated 
secrete hyaluronic acid which can be detected in tbe medium. This 
is additional evidence that these strains do not produce significant 
amounts of hyaluronidase in young culture, since this enzyme, if 
present, would destroy the substrate. The change in the en-vdron- 
ment of the organisms, produced by their multiplication, which 
results in the loss of capsules and the liberation of capsular substance, 
is of considerable interest and requires further investigation. 

The results of adding hyaluronic acid or hyaluronidase to 
the cidture medium 

The six mouse-passaged strains were each cultivated in a basal 
medium of 2*5 per cent. Evans’s peptone infusion broth, alone and 
with the addition of OT per cent, of glucose or 1 per cent, of a 
solution containing hyaluronic acid.' Tubes containing glucose or 
hyaluronic acid were also used vdth and Avitliout the addition of 
20 per cent, of serum. The cultures were observed for tlie appearance 
of capsules and the production of diffusing factor ; hyaluronidase 
estimations were also made b^”^ the mucin clot destruction test. 

Only one group A strain (type 9) produced definite capsules in 
the absence of serum and that only in the tube containing glucose, 
but they all showed slight halos. All the group A strains developed 
capsules in the tubes containing serum but the inclusion of 
hyaluronic acid in the medium appeared to reduce the number of 
capsulated chains and the amount of capsule. None of the group C 
strains showed any capsules or any suggestion of halo. 

Tn order to economise in the number of animals used, only two " 
representative strains were examined in all the different media 
for the presence of diffusing factor. No 20-hour culture of the 
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ra)>siilnlo(i .strain in any mwlinm sliowi'd signific.intly incrravcd 
difl'nslon in tlia dermis at a ililiitnm of I : 10, The fnllnuinf; residts 
ncrctditained with the varitnm enit tires of the min-eapsulafed «lniin. 
li.asal tnetlinin alono : tlilfiision in a dilnfion of 1 ; 1000 
liasal medium -•■phieo-e ; diffusion in a ililutiun of 1 : 100 
liiwal meilinm-r liyalunuiie acid: diffusion in a dilution of 
1 : 1,000,000 

l{.as,'il medium -T-.serum and climi'O : diffusion in n dihition 
of 1 : 1000 

Ilnsal mcdium + scrum-i-hyaluronic aeid : diffu.sion in a dilution 
of 1 : 100.000. 

The inelusion of hyahironie acid in tho medium inere.ases the 
pniduetion of diffusion factor a thousandfold Init tho addition of 
serum doe.s not eaiKc any further inenaiH'. 

All tile ciillurt's of all si.\ .strains nere leslisl for hyahiionidase 
hy the in-vitro test for the destruction of the eapacity of hyaluronic 
aeid to form a imicin clot. Two-hour cultures of the eapsiilnted 
stniins showetl no evidence of hyahironidnse ; tests on 2h hour 
cultures of the .same Rlrain migcestisl that then' might he a tnico of 
hy.aluronidnse in tho undiluted hroth hut nothing in a dilution of 
1 : 10. Titmtions of hyalurottidase in the IhiTo non-capsulnted 
strains gave very consistent results which may ho Mimmarised as 
follow.s. 

Basal medium alone: detcctahle hvaluroimlnse in a dilution 
of 1:100 

Basal mcdiuni-t-glucoso : detectable hyalmonidast' in a dilution 
of 1 : 100 

Basal medium -f-hyaluronic acid : detoeiahle hyaluronidnse in 
a dihition of I : 10,000 

Basal iiK'diiim-t-scnim and glucose : dctectahio liyahironidasc 
in a dilution of 1 : 100 

Basal medimn-f .scrum-f-hynliiroiiic acid : detcctahle hyahiiTmi- 
daso in a dilution of 1 : 10,000. 

Thus tho test confirmed the ivsult of the chin difl'ii-sioii test and 
e.vtciidcd it f o tho other two non-capsidatod strains. Tho e.vperimcnl 
indicates that the addition of hynlumnic acid to tho culture medium 
slightly inhibits capsule production in tho capsulatcd straiii-s, hut 
fails to promote tho formation of significant amounts of hyaluroni- 
daso h^- these strains. On the other hand, this hub.stanee cause,s 
inarhed inercaso of the liynluronidase produced hy non-capsulnted 
strains. ^ 

s\ similar o.xperimont was iiiado on tho innuonco of tho inclusion 
of hyaluronic acid in the iiicdiutn on tho same strain.s prior to their 
pns.sngo through mice. Tho group A typo 4 strain, which had already 
been found to produce hynluronidnso and not to develop capsules, 
jot'iuv. or rATit.— TOL. tin n 2 
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■was examined at the same time. This strain, as -well as the other 
non-capsulated strains, all responded to the inclusion' of hyaluronic 
acid in the medium by a hundredfold mcrease in hyaluronidase. 
Two of the three capsulated strains were found to produce a trace 
of hyaluronidase at 20 hours, after the disappearance of their 
capsules, and these also responded to hyaluronic acid in the medium 
by increased production of, the enzyme. The fact that capsulated 
strains, which produce no hyaluronidase in young cultures, do 
produce a trace of this enzyme after 20 hours’ incubation provides 
a possible explanation for the loss of capsules after the first few 
hours’ cultivation in hquid medium. This trace of enzyme cannot 
be detected at dilutions liigher than 1:2, either by the clot test or 
by diffusion in the skin. 

One representative capsulated and one non-capsulated strain 
after mouse passage were incubated in plates composed of a basal 
medium of Evans’s peptone infusion agar with the inclusion of 
glucose or hyaluronic acid, both with and without 20 per cent, of 
serum. In addition, sheep red blood cells were added to plates 
containing glucose and serum or hyaluronic acid and serum. 

The capsulated strain developed typical “ mucoid ” colonies on 
the plates containing serum but not in its absence. The organisms 
in the “ mucoid ” colonies showed typical capsules even after 
20 hours’ incubation. A few capsules only could be seen in the 
absence of serum. This strain, which had caused considerable 
haemolysis in the blood broth tube, caused no /S haemolysis on the 
plates containing red blood cells, either in the presence of glucose 
or hyaluronic acid. The non-capsulated strain produced no 
“ mucoid ” colonies or capsules in any of these media. This strain, 
however, produced marked zones of ^ haemolysis. 

The influence of hyaluronic acid and hyaluronidase on 
hcemolysin formation 

A further experiment was performed with the three capsulated 
strains and another non-capsulated strain to determine the condi- 
tions influencing haemolysin production. The experiment was 
similar to the last in that glucose or hyalm’onic acid was included 
in the medium, but 20 per cent, of serum was added to all the 
plates. In addition, testicular extract (hyaluronidase) was added 
to one set of plates. 

“ Mucoid ” colonies were formed by all the capsulated strains. 
It “was noticed that these colonies showed no zone of haemolysis, 
whereas in the group A strain (type 9) some non-mucoid colonies 
developed and these shoAved a small zone of haemolysis and no 
capsules. The addition of testicular hyaliuonidase to the medium 
on which these strains were groAvn prevented the appearance of 
“ mucoid ” colonies and resulted in the development of small matt 
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colonic' vitliniit c.i]i'iilc' nml (he jirmliictioii of miall rones of 
/3 lia'iiinly.-is. All I lie plates of I lie iion-capstilaled liyaliironida'-e- 
proiluciii" strain contained stnnll matt colonies cvitli ivide r.oncs of 
ha'inolysi i ; tins str^iin nas tinalli'cted liy tlie addition of teslirular 
liyalnninidase. This exiK'rinienI snepested flint strains nliioh are 
capsnialeil do not- produce lia'inolysis lint that as soon as the 
cajistile is lost, either thnniph the action of liyalnnmiihee or from 
some other cause, htemolysis is pro<Iue<'d. 

A further experiment Mas |)erfonned with the three caiisulaind 
.and three nim-eapsulate<l stndns in .an attempt to delennino 
whether luemolysin formation is inhihited by the preseme of 
rnpsnles. 'J’lieso .strains were eidlivaletl in .'entm phieose hrotli 
with the addition of testiiadar hyalnronidnse, avhieh would prevent 
enpsiile formation, and he.at-iimetivated hynhimnidnse. 'J'ho 
hiemoly.sin in the hroth Fn[h'rimtant ai-ns titrated after 2 hmir.s’ 
inenhation, when capaules were present in the e.apsulated strains. 
Xo sipnifieant dilfon'iire in the tiln' of haanolysin prorltieed eonld 
bo detected helwta-n the eaiKtilaled and non-eap«ulnlod sirain.s nor 
iK'twt'cn fhoso enltivntial in tho pre.«enec of hynluronidase and those 
without. It npiH'ars, thon'fore. that in liquid media the presfiieo 
of e.apsnles on yoiiiip cultures doo.s not exert any inhihitory action 
on the production of luemolysin. 

Capsules persist up to 20 hours on setaim ]ilates and appear to 
bo associated with failnn< to cause fi Immiolysis, whereas m serum 
hroth the capsnle.s disappear after 2-0 hours and do not inhihit 
lupmoHatin pitxUiptiun. 'I'he.so facts snppest that some factor is 
seeretod into tho broth wliieh jiromotes cajisnle deslruelion and 
luTmolysin prodiietion and Hint this fnelor enimot o[ienilo in a 
solid medium. 

The relation of the caji.^iilr.t of ririilrnl hjpe 1 pneiimocoeenx to the 

hyaluromftasc prenluccit txj this organism amt htj sirrjiloeoeri 

While these exiieriments were in progress similar observations 
wore made on a strain of typo 1 imciimoeoceus known to produce 
Iiynliironidnso (AfcClean, 1930). Unlike the streptococci, tliis 
organism produces both capsules and hyidnronidnso and the 
capsules are not destroyed by either pnemnococcnl or slre])tococeal 
liy.ahironidnse. On tho other iinnd, jineumococcnl hyahiroiiidnso 
de.stroys tho cniisulcs of streptococci in tho same avay naatro))tococeal 
liyaluronidaso. Galacturonic acid and an acetyl lioxosamino, 
probably gliicosamino, have been obtained from tho eap.siilnr 
substance of tyjio 1 pncimiococci (llcidolborger el at., 19,3G) and 
it is this substance that determines the tjqio-spocificily of tho 
organism. Hyaliironio acid, wdiicli composes tlio streptococcal 
capsules, consists of equimolar proportions of glucuronio acid and 
X-ncctyl lioxosamino and is not typo- or group-specific. Thcroforo, 
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notwithstandiiig the close cliemical similarity betweea these two 
capsular substances, only one of them, that containing glucuronic 
acid, is attacked by hyaluronidase and tiiis is additional evidence 
of the strict specificity of its action. Like the steptococcus, 
tJT® 1 pneumococcus responds to the inclusion of hyaluronic acid 
in the medium by a hundredfold increase in the production of 
hyaluronidase. 

Discussion 

)Some strains of Sirepfococctts pyogenes develop capsules in young 
culture ; others produce hyaluronidase and diffusing factor 
■vvliich, if not identical, are very closely related to each other. 
The development of capsules and hyaluronidase formation appear 
to be mutually exclusive ; they cannot co-exist in the same 
culture, since hyaluronidase either prevents the development of 
capsules or destroys them when they are formed. These observa- 
tions’ do not confirm those of Pradhan, from winch he concluded 
that both capsules and spreading factor were elaborated by young 
cultures of the same strain, that they were botli the same substance 
and were neutralised or destroyed as the culture aged. 

Hyaluronidase-producing strains of streptococcus and type 1 
pneumococcus responded to the inclusion of hyaluronic acid in the 
medium by a considerable increase in the formation of hyal- 
uronidase, This response is similar to that already described for 
Cl. welchii (McCIean and Hale, 1941) and its influence on the spread 
of infection in tissues which contain a mucinous inter-fibrillar 
structure has already been discussed in the introduction to this 
paper. 

It will he extremely interesting to elucidate the respective parts 
played in streptococcal infection by capsules and by hyaluronidase. 
Seastone (1939 a and 6) regards the capsule as a “ virulence factor ” 
in the strains examined by him, but he uses the terms virulence and 
invasiveness as interchangeable. It seems necessary to distinguish 
clearly between the virulence or killing power of an organism and 
its capacity to invade the tissues and set up an infection which 
may be more or less localised, Kendall e£ al. (1937) and Seastone 
(1939 a- and b) have stated that the capsular substance of both 
group A and group 0 streptococci is serolo^cally inactive ; if this is 
so and the capsule is a viruJence factor, it seems that it must act 
in a negative way as a protective envelope to the organism so that it 
cannot be attacked by the immune mechanism of the host, 

Hyaluronidase, on the other hand, increases the permeability 
of the tissues to organisms and their toxins and it may be significant 
that those erysipelas strains of streptococci that were examined 
produced hyalirronidase but no capsules. In a study of the relation 
between tissue permeability and local immunity Favilli and McOIean 
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(l^n) ln\o shown that inhiUitirm of }jie sprt id of dilTusm^j fiulorw 
is n*"' 0 (jjitrd ^M^!l the ottK ht iccm of on inthinmuton response in 
(he (i‘‘''Uos , tho\ conchxted that local at Icist m mi 

far as it i*. manin.-'ttd in ihv ^kin h duo to a local reduction of 
(issue p<.rinc U)di(\ which is it-ilf asj-oci itcd with the r irliost ntajics 
of inlhunination and is not prinmnh a sjucdic iinininu response 
Minkin (PiN) rfMtwid a Kr«s of pipers in whith he had hhown 
liow the mihiinnmtorv r(s|H)nso is charjicttristil at an cxtituncK 
nrh stni»i 1>\ a proixss of fixation \\hend)\ the Hite of infinimnutHm 
is w dfc<| off from the Hurroniidiiif; tissius It is otiMons tint ain 
cnrMiie I hihorali d h\ an infecting autiit whicli ii rids lo prc\cnt this 
fixation and thus inimsf. aiea iiuohcd nm\ hf nnporlant in 
d( tcrniinni': tlio nuasur tharaettr of tlie infcition 8iuh an 
enrMiie nn\ tnhnnn tin tfhet of the rthnnoI\tK and and 
filinno^enn siihst inu s desmlxM! h\ J)i nnis and IJerhcrinn 
in Strfpt(*ritrru^ 1/ovtoIt/ttf‘iit ami assuented h\ tluni witli 
iinn^nc no s 

Tiio fi(toi'> which detcmiine tlu loss of t ipsnh s after tlu first 
few liouix" nuulndon In Mnins that are tapsnlited in \onnp 
i niturt' are of interc'it in (he ir liearint: on the (‘onrM.' of nufsinhlishcd 
htrcptococcal infcttion and on tlu mctnliolisin of tlie organism 
'I here art' indie itions tint tins los^ of capsule nm\ ho assoc mttd 
with the appcnmiKx' of Miiall amoimtH of In ihiromdnsc in the 
older cultims of these stnuns It is inlenslinc tlml in plate** 
ennehtd wjih sonuu the ea.nsiile'* jnem^t up to JO honrn whereas 
in Iie|ind media the\ disipjHxr much sooner 

In an mt isstinp stuih r»f tlu nlatian Im lum n coloin fonmlion and tla 
cap iiintion of Inmoljtir str< pt<*ctKci Morison (1010) tiipj-sts tluit thi 
iltgris of < )|>iulation tl» Inlmirt tMtWHii PMith <ih nncl clc^tna 

tion of ( ipsiilar inati nal mal (Imt the hn at clown of the capsulo inn\ b 
n^irclici ns on rnrjnnn action Hi also noticcxl the' cIilTinnco m bohavionr 
of pneumococci nnil stn ptococci wJim prown on iv ctllnphnno surfnee . in that 
tlu pni iirnococcnl capiiilo p r*i>«tu ofttr growth has alowrd down "Morton 
found that mouse \ mih nt ptniin’i acquire and r tnm capful’s m the pen 
tom urn of the mouse, but timt the dopreo to which capMilntion dotclop- 
tn titro iH no Kunicunt pndc lo tlie \miIciiiK' of a stnim Dunnp infection 
c*cf>oruni nti whicli will 1 h n ported Inter, we* nl«o hn\o foiuid that mouse 
Mnilcnt stniin‘1 nro capsulatixl both m tlu i>cntonPUm and in the heart 
blood, but we agree tliiit conxlation l>ctwc«n capsulation m artificial media 
and \ milcncf n not fati-fuctors 

St^IM\U\ AND CONCLUSIONS 

1 Some btmms of tSlrcptococcus pyogenes do\clop capsules m 
joung cultures , other strains produce h>nluronidaso and difTiising 
factor, winch ina}’ bo identical 

2 Capsules and hjaluromtiaso cannot co cMst in the same 
group A or group C strain, since the capsular substance is destroyed 
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by this enzyme. The inclusion of hyaluronidase in the medium 
prevents the appearance of capsules. 

3. The capacity to form capsules or hyaluronidase is not 
confined to members of one Lancefield group. The capsules of both 
group A and group G strains are composed of the same poly- 
saccharide, hyalimonic acid. All group B strains so far examined 
produce hyaluronidase and only one of these develops typical 
capsules ; these capsules are not affected by hyaluronidase and 
are not, therefore, composed of hyaluronic acid. 

4. Hyaluronidase-producing strains respond to the inclusion 
of hyaluronic acid in the medium by a considerable increase in 
the formation of hyaluronidase. It is considered that this response 
may be of importance in the extension of infections by streptococci 
and other organisms that produce this enzjune. 

5. Virulent type 1 pneumococci produce hyaluronidase ands. 

respond in the same way as streptococci to the inclusion of hyaluromc 
acid in the medium. Pneumococcal hyaluronidase destroys strepto- 
coccal capsular substance, but the capsules of tins pneumococcus 
are not attacked by pneumococcal hyaluronidase or that from 
other sources. . , 

6. The respective parts that may be played by capsules and by 
hyaluronidase in streptococcal infection are discussed. A clear 
distinction between the virulence of an organism and its local 
invasiveness is stressed. 

It is a pleasure to acknowledge the keen cooperation and many valuable 
suggestions of my assistant, Mr C. W. Hale. 
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/ n 0 JPT'fr- I > t t* a A. -1 1. i ('• f * 

Jv t?i'' of a'lf'fi-*! pjujr > 

(jrr-l at t!i« M'Mr \1 !i» v nri Ii ( <.ijiu <1 ^ fimti 1 •« Mil! Hill. 

tic\e!oj‘4<l Mtrllini.*- in tlit* k Tl.'-** won' u*-iiany r.:uL»t^ r.il 
but •'K'x'n^jninlU bilvt^ril thit th*\ 

of t!.ron;t ,ih' tuTh ths'k j*u- <fT 

v.ilhio ft ci'JiM' l^h^t»IJ^ It u-j* (\irjfiit frtuu 

t’tnrnif atMn*> of nrh tl.it tl:» rij'»’T,w* An 

Uif“'t5on of nno <.f tl.c MifmiitilHn lwn]'h.it i-- Ijut in 

thi' irrviAAl Iwjiph chfi'l- ucrr* nUo jrjv(»i‘.c<I v.i.ih* 
#-Alitftty ^rKmi man frr‘qu‘ntl\ fotunl wiil'in tlw 

fibnris In fnirif* rum**n |‘ic‘‘ rttncrv^Mon 

rr<y)vrn' cH'^unv^I , in othtr* ilic <io\w> nn'l |»ii<s 

/li'f Jnrrixl tbmush an rxtf n*»l 

It bnnit that nn #*ntbr<Mk of th'' rh*»‘ i.*r‘ IsxrJ ^v^iinr^i 
wuT.r ycAr* fn?vionAy in Timbn^Irc Amotc'-t 'rtnn^'i j»nr' ibTUfil 
from th'' 3 Iil] Hill stock but tLnt attempts to i'o!\to a raij*ft!{ve 
org;ftnUm had Wn un.'Uc<r-'ful A Minihr londitjon abo 
f ncotiritero'l m ol tli^* Lifter In^titnto (KIicnelKTrer lO’jt* 

1 ? 40 ) and r nm mfonnc<i that Mithin the f‘.'>v furtLfr 

caN>? have ocourre^I »t 31 ill Hill. It iv evident, thfr<‘fort\ that the 
infection i- not uri^rnmon and may j>rfnT a 'j^nree f>f trouble in 
^vork necei^itating tfio 11*^0 of giiinca-pi^-s. 

Ifol/itton of CfiufnJttr orffnni^m 

In ‘^niears of pus siained l»y Gram, Giern'si or dilute carlxil- 
fiich‘-in. structurc-s v.cre M>metime-. seen pugc^^tive of a fdamcntoits 
or^ni'^m but no indubitable mierr^orpani-nm 'acre rowgiiisable. 
Isolation bj' direct culture tra? attempted in five, crises of the 
natural dheare. A ■nide mnpe of media employed in each 
experiment and in each cftse the inoculum consisted of an emulrioii 
of pus and ab=:ce?s cap^Ie made by thorough trituration in broth. 
Only tiro of tlic five attempts proved successful. In the fir»t, small 
granular colonics develof>efl after 3 days in a cooked meat and broth 

• T&rt cf tlt« vrork -voa don* pnor to tij* rraibirak of war at th« Xotional 

Institute for P.^srarch, Ha*rjj«tcsMl. 
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medium incubated anaerobically ; they resembled mould colonies 
with a compact bro^vnish centre and a lighter fluffy periphery. 
In the second, similar colonies developed, agam under strictly 
anaerobic conditions, in' glucose broth containing 30 per cent, 
bovine serum which had by that time been found to support growth 
better than the cooked meat in broth. Subculture presented no 
difficulty and after a few passages' the organism became facultatively 
aerobic although retaining its preference for anaerobiosis. Finahy 
surface colonies could be obtained on 30 per cent, serum agar plates 
incubated either with or without the presence of oxygen. 

Isolation by animal inoculation, fohowed by subsequent culture 
from the lesions produced, proved much more successful than direct • 
culture. The wide pathogenicity of the organism was not kno^vn 
in the early stages of the investigation but inoculation of either 
guinea-pigs, rabbits or mice was carried out with each of the five 
suspensions prepared for culture. In this way, the organism was 
isolated from all five naturally infected guinea-pigs. It is probable 
that this result was determined to some extent by the sparsity of 
bacteria in the clrronic abscesses, coupled with the fact that many 
animals received much larger amounts of emulsion than were seeded 
into the cultures. Nevertheless, evidence was obtained that animal 
inoculation provided a more sensitive method for primary isolation 
than did direct culture. The results of the isolation experiments 
are summarised in the table. 


Tabue 

Isolation of organisms by primary culture and by animal inoculation 


Source of 
material 

Primary 

culture 

Inoculation 

Guinea-pigs 

(subcutaneous) 

Mice (sub- 
cntiineous or 
intrai)eritoneal) 

Rabbits 

(subcutaneous) 

Eatblts 
(intra testicular) 

Guinea-pig 1 

-f- 

+ 

+ 

' 


2 



+ 


-f 


„ 3 . 

— 





„ i ■ 

— 

+ 

+ 

-r 

+ 

ft 5 

+ 


+ 

+ 

4- 

No. of attempts 

5 

4 

5 

3 

2 

No. positive 

2 

3 

5 

3 

2 


Morphology and cnllural characteristics 

Stained preparations of early cultures showed a tangled mycehum 
of gram-negative filaments and gram-positive bacilli, together with^ 
an abundance of granular material and irregularly stained bizarre 
forms. It was at once evident that fixed, stained smears were 
unsuitable for morphological study and examination of living 
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preparations under dark giound illumination uas adopted as a 
roiitmo piaotice Such examinations indicated that the organism 
■was a strain of Streptobacillus montlifonms or, adoiitmg tlie 
nomenolnturo proposed bj Parker and Hudson (1926), an anaerobic 
species of the genus ffaverlttlha 

The most strd^ing feature i\as the oxtraordinai3f pleoiiiorpliisin 
Long and short bacilh often forming a tangled m3''coluini, large 
and small spheres, balloon , sausage and club shaped striictuies, 
granules of xarious sizes and degrees of r6fractilit3' and delicate 
filaments foniiing loops and arches might bo present, eithei all 
together or iii an3 combination The bacillary elements and spheres 
■n-ero usually loaded uitli highl3' refractilo granules but Mere some 
times non granular True branching undoubtedly occurred It is 
not proposed to describe the raorpholog3’ in greater detail as the 
descriptions and illustrations in the pubhcations of Strangeu a3’'S 
(1933) and Klioneberger (1936) could be cquall3' well apphed to the 
guinea pig organism Pour points, however, demand special 
mention 

(0) Tmo types of groM-th occurred m liquid media and tuo 
t) pes of oolon 5 developed on serum agai plates Grou th m hquid 
might be in the form either of small compact granules at the bottom 
of the tube Math perfectly clear supernatant fluid or as a floooulo 
membranous deposit with some general turbidit 3 , the former 
shoMed all the pleomorphie forms described the latter ohiefl} 
bacillary forms On sobd media largo and small colonies mvariabh 
developed Largo colonies were 1 2 mm in diameter after 3 or i 
days’ growth, irregularly round, low convex. Math a dull granular 
surface and a broMaush tinge Small colonies Mere pin pomt in 
size, almost invisible to the naked eye, circukar in outhne, high 
convex and colourless, mth a smooth shiny surface Small colomes 
Mere composed mainly of bacillary forms and sometimes indeed 
no other elements could bo discovered, whereas the large colonies 
always showed the full range of pleomorpluc elements Persistent 
efforts to separate permanently these two types of growth were 
completely unsuccessful Subcultures from either largo or small 
colonies invariably gave rise to a mixture of both large and small 
Similarly, subcultures from serum broth growths of distinctiie 
type might give rise to either of the two tyjies 

(1) The type of growth m hquid media was largely conditioned 
by the constituents of the media Por example, paiallel cultures 
m broth contaimng bovme, horse and rabbit serum showed wadely 
different morphology The addition of a preparation of catalase 
from horse liver enlianced groivth and favoured the development of 
baoiUary forms The influence of different constituents of culture 
media upon morphological variation was emphasised by van Eooyon 
(1936) m lus studies of aerobic strains of Streplobaallus mombfot mis 
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matted together to form a large caseous mass adherent to stomach, 
liver and spleen. Scattered abscesses occurred in any of the 
viscera and occasionally the lungs or spleen presented an appearance 
reminiscent of miliary tuberculosis. Intravenous inoculation 
resulted in an even more widespread generalisation, but it is 
interesting that an incubation period of about a week elapsed 
before the mice looked sick. Of a, batch of six mice inoculated in 
this manner, one which died on the eleventh day- was the onl}”- 
animal of any species to show infection of a limb jomt. One ankle 
was very swollen and contained pus. In the outbreaks of disease 
among human beings and stocks of mice attributed to Streptobacilhis 
moniliformis infection, artliritis was one of the most constant 
features (Levaditi et ah, 1925, 1932 ; Parker and Hudson, 1926 ; 
Strangeways, 1933 ; Mackie et al., 1933 ; van Rooyen, 1936). 

Rabbits. Subcutaneous inoculation of rabbits gave rise to 
extremely clu-onic abscesses at the site of injection. The incubation 
period and initial development of the lesion were identical witk 
those in guinea-pigs, but the abscesses slowly enlarged over a period 
of 2-3 months before regi’ession ensued, and scarcely ever broke do^vn 
with sinus formation and discharge of pus. The infection spread 
slowly along the lymphatics, which could sometimes be felt as 
thick fibrous cords. Prom direct extension large abscesses might 
be formed in the groin and in the belly wall extending to the mid- 
line, but there was never any sign of spread to remote parts by any 
other route and internal organs were never affected. Inoculation 
into the testis produced a more rapid infection, with swelling, / 
induration and congestion -svithin 24-48 hours, foUoAved by the 
development of a purulent orchitis. 

Egg membranes. The inoculation of cultures on the chorio- 
allantoic membranes of 9- or 10-day chick embryos produced a 
general opacity and thickening of the membrane with cream 
coloured or yellowish nodular lesions containing caseous material. 
Sometimes the embryos were dead Avhen the eggs were opened on 
the 3rd or 4th day, but it was surprising how extensively the 
membrane could be involved with the embryo alive and active. In 
some eggs with living embryos, over half the available membrane 
surface was covered with a thick warty-looking confluent lesion. 
Dark ground preparations from such lesions were indistinguishable 
from those made from cultures. 


Attempts to reproduce the natural disease 

It has been shown that lesions produced experimentally always 
involved the tissues at the site of inoculation and the adjacent 
lymphatic vessels and glands, and that, except in mice, mfection 
never spread to remote parts. Even in mice with extensive 



STREPTOBACILLUS ilOIOLIFORJIIS INFECTION 


36 


generalisation there was no tendency to involvement of the cervical 
glands. Naturally infected guinea-pigs on the other hand showed 
involvement of the submaxillary and cervical glands only. 
Strangeways found that rats frequently carry Strepfobacillus 
moniliformis in the nasophar^mx ; indeed about 50 per cent, of 
the rats bred at !Mill Hill were shown to be carriers. These facts 
suggested the possibility that food infected by rats might have 
been the source of infection in the outbreak of the guinea-pig 
disease, the organisms gaining entrance through abrasions in the 
mouth or pharynx. An attempt was therefore made to jiroduce 
cervical abscesses by feeding guinea-pigs with food to wliich cultures 
of the organism had been added. 

Two experiments were made, in each of which were used groups 
of young guinea-pigs rigorously isolated since weaning. In the 
first experiment two of tliree animals fed -until cultures developed 
typical cervical abscesses, the three controls remaining quite 
healthy. In the second experiment, however, in which four 
guinea-pigs were fed with cultm-es and three kept as controls all 
remained well. The outbreak of war prevented further attempts, 
so that although the result of the first experiment is suggestive, the 
problem of how natural infection occurs remains unsolved. 

J)iscussion 

The morphological and cultural peculiarities of the organism 
isolated from guinea-pig cervical abscesses leave little doubt that it 
is closely related to the strains of StreptobaciUiis moniliformis or 
Haverhillia multiformis described by previous workers. These 
have already been reported as responsible for outbrealcs of human 
disease and for epizootics in stocks of mice. The guinea-pig organism 
differs from the strains previously described in its demand for strict 
anaerobiosis on first isolation and its exclusively pyogenic action 
in all the species for which it has been found to be pathogenic. 
Unlike them, it does not give rise to a general systemic infection 
witli erythema and especial predilection for the johits. It is 
probable that the genus Haverhillia will be found to embrace many 
•widely distributed bacterial species responsible for a number of 
infective conditions in different hosts. In routine bacteriological 
laboratories it is not uncommon to receive specimens of pus wliich 
prove sterile by the cultural methods employed. In such cases the 
possibility of Haverhillia infection is worth bearing in mind, and 
both anaerobic cultures on media containing at least 30 per cent, of 
serum, and animal inoculation, especially intratesticular inoculation 
of rabbits, are indicated. 

Klieneborger has repeatedly reported the association of filter- 
able pleuropneumonia-like organisms in sjonbiosls -with bacteria, 
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especially those belonging to the Stre]}tobacilhis moniliformis group. 
Many of the morphological appearances seen in dark groimd 
preparations of the guinea-pig organism suggested the presence of 
such a sjnnbiont and consequently several attempts were made to 
demonstrate one by Kheneberger’s methods. All the attempts 
were completely unsuccessful, nor could any filterable phase of the 
organism be demonstrated. Pleuropneumonia-hlte organisms do 
undoubtedly occur independently in a number of diseases ; an 
organism of this class was isolated by Edieneberger and Steabben 
(1937) from the lesions of 17 out of 19 rats suffering from a bronchi- 
ectatic condition of the lungs. It is significant that in this disease 
Streptobacillus inonilifortnis, shoum by Strangeways to be carried 
by a liigh percentage of rats in the nasopharynx, tended to assume 
the role of a secondary invader of the bronchiectatic lesions. This 
suggests that the frequent association of the two microorganisms is 
fortuitous and not based upon any essential interdependence. 

The occurrence of bacillary disintegration with the production 
of globular bodies, spheres and granules, followed by regeneration 
of bacilli, discounts the view of Edieneberger (1940) that globular 
bodies always represent an independent symbiotic organism and 
-lends support to the views of Dienes (1938. 1939), who beUeves 
that the globular bodies are deri%^ed from bacilli and that the 
so-called L 1 organism is a variant of Sfrepfobacilhis moniliformis, 
not an independent symbiont. He found that the L 1 organisms 
after isolation and subculture might revert to the typical mixed form. 

Wliilst manj' of the globular bodies are imquestionably living 
organisms, either symbiont or variant, some of the structures 
described in the literature as characteristic of Streptobacillns 
moniliformis are composed of lifeless material. The “ streaming 
phenomenon ” described above emphasises the need for extreme 
caution in the interpretation of morphological observations, 
especially those based on fixed and stained preparations. 

It was hoped to find the source of infection of guinea-pigs but 
tliis line of investigation was interrupted by the outbreak of war. 
A plausible hypothesis supported bj' a certain amount of circum- 
stantial evidence is that guinea-pigs are infected through abrasions 
in the buccal cavitj^^ b 3 ^ eating rat-contaminated grain. Should 
this hjqiothesis be substantiated prevention of the disease would 
be easj’. 

Summary 

1. An organism belonging to tlie Sirsj)tobacillus moniliformis 
group was isolated from five cases of cervical abscess in guinea- 
pigs. Isolation was accomphshed from three of the cases by 
preliminary inoculation of mice and rabbits when direct culture 
of abscess material jdelded no growth. 



STHEPT0B4CILLUS MONILIFOR’NIIS INFECTION 


37 


2 The organism ^^as essentially pyogenic and vras pathogenic 
for guinea pigs, rats, mice and rabbits, but except m mice its 
in\abive power Mas very Iom 

3 Morphological observations by dark groiuid illumination 

showed that some of the bizarre forms described by previous 
M orkers are composed of non living elements Change:> of form 
indicative of a developmental cycle Mere observed ^ 

4 The development of cervical abscesses folloMed the feeding 
of guinea pigs Mith cultures of the organism m one experiment but 
an attempt to repeat the experiment failed 

Thanks are due to Mr R E Glover, who collaborated m tlie feeding 
experiments 

REFERENCES 

Proc Soc Erp Biol and Afcd, 
xjlxix, 365 
J In/ Die , K\ , 24 
Thi» Journal xl 93 
This t/oanial, xhi 587 
TIus Journal xIlx, 451 
J Hyg , xl, 204 
Ibid xxxMi, 143 

C R Acad <Sci , clxvx 1188 

4nn Inst Pasteur, xhiu 308 

J5ri( J Erp Path 132 

4mcr J Path , ii, 357 

Tln^ t/our«aZ, xxxMi 45 
Tins Journal, xlui, 45"» 


Dieves, L 

1938 


1939 

Keieveberger, E 

1935 

,, 

103G 

, 

1939 

, 

1940 

Klieveberger, E, avd 

1937 

Steuiben, D B 

LE\ADnT, C , Nicol-ae, S , \nd 

1925 

POINCLOUX, P 

Levaditi, C , Selbie, F R , 

1932 

A>T) SCHOEX, R 

Mackie, T j, \ax Rooves, 

1933 

C E , AXD Gilrox, E 

Parker F , Jr , \vd Hudson, 

1920 

N P 

Strangewaxs, W I 

1933 

X AN RoOVEN, C E 

193G 


JOUILV OF r/TH — ^OL UII 


c2 




576 . 8o 7 • 734 : 576 . 851 . 2 (streptococcus) 

STREPTOCOCCUS TOXIN-ANTITOXIN FLOCCULA- 
TION AND ITS RELATION TO THE RABBIT 
SKIN TEST 

H. Proom 

From the WeUco7ne Physiological Rc$ea>ch Laboratories, 
Beckenham, Kent 

Since Dyer (1925) described a flocculation between scarlet fever 
toxin and antitoxin similar to the Ramon flocculation, little 
progress was reported in this field until the publications of O’Meara 
(1935) and Rane and Wyman (1937). This was due mainly to the 
difficulty of obtaining flocculation with an3i)hing lilce regularity in 
scarlet fever toxin-antitoxin mixtimes. By blending with a rapidly 
flocculating antitoxin (O’Meara) or by the use of a concentrated 
toxin (Rane and Wyman) it is now possible to determine easily and 
rapidly the flocculating value of any scarlet fever antitoxin. O’Meara 
concluded that the flocculating substance present in scarlet fever 
toxins was a specific streptococcal product whicli played a part in 
streptococcal infections and to wliich an antibody was developed 
during the course of the human disease. It had many of the 
characteristics of a true toxin, although direct evidence of its 
toxicity was lacking, but it was not identical or associated with 
the erytlwogenic toxin. Rane and Wyman, however, claimed tliat 
the flocculating substance is at least closely associated with the 
erythrogenic toxin and that the erythrogenic antibody can bo 
accurately determined by the flocculation reaction. Should this 
claim be substantiated, the partial replacement of the rabbit skin 
test by a flocculation test would be a distinct advantage since, in 
many laboratories, the rabbit test has been found difficult to 
perform, rather inaccurate and both expensive and time-consuming. 
The objects of this investigation have been to determine whether 
such a substitution can be made and whether there is a specific 
flocculation associated ufitli the neutralisation of the erythrogenic 
toxin by antitoxin. This has been attempted by comparing the 
flocculation titres with the routine in-vivo values of samples of 
antitoxin, both concentrated and unconcontrated, produced in these 
laboratories: The results on the whole seem to confirm the claim 

of Rane and Wyman. 
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SIethods 

Before proceeding to tlie experimental observations it is necessary to give 
some details of the methods and nnits employed. 

In-vivo method 

The method used is the rabbit intradermal test described by Buttle and 
Lowdon (1935) and referred to below as the skin test. All in-vivo values aro 
determined by dii-ect titration against the laboratorj' standard serum 
containing 1300 U.S.A. units of scarlet fever antitoxin per c.c. This value 
is obtained by direct comparison with the standard for scarlet fever strepto- 
coccus antitoxin from the National Institute of Health, Washington, D.C., 
which is stated to contain 40 units per c.c. 

In-vitro method 

Direct titration of sera with concentrated toxin 

Toxins are obtained by growing hsemolytic streptococci (strain Strepto- 
coccus scarlatince, Docliez I^Y 5) on the medium described by O’Meara 
(1934), and aro concentrated to about one-fifth of their original vmhuuo by 
idtrafiltration. The ultrafiltration is effected through Berkefeld candles 
coated with a “ Parlodion ” membrane. The candles are immersed for ten 
minutes in an S per cent, solution in glacial acetic acid of Parlodion 
(Mallencltrodt Chemical Works), drained for nine minutes, immersed in tap 
water and washed for two hours by suction. This process consistently gives 
membranes which hold back the streptococcus toxin. The toxin thus 
obtained usually contains about 100 Lf imits per c.c. This Lf unit is, of 
course, based on the value attributed to our laboratory standard of 1300 
U.S.A. tmits per c.c., and one Lf dose of toxin is equivalent to -nfinr c.c. 
of our standard serum. A flocculating sub-standard serum, whose in-vivo 
value has been aaourately determined by the skin test, has been introduced 
for convenience ; it is a serum which has been concentrated by a peptic 
digestion method (Pope, 1938) and in common with most sera treated in 
tliis wa5' flocculates rapidly, even with unconcentrated toxin. Concentrated 
toxin, is used for titrating all sera of value greater than 100 units per c.c. 
The method of titration is almost identical with that employed by Bamon 
for diphtheria toxin-antitoxin flocculation. One c.c. amounts of concentrated 
toxin are titrated against vaiying quantities of senun over a 20 per cent, 
range in Dreyer tubes one-third immersed in a water-bath at 50° C, A 
10 per cent, range mas’’ be employed, but titrations at 5 per cent, differences 
are difficult owing to simultaneous flocculation occurring in several tubes. 
For all tlie direct titrations a 20 per cent, range has been used, and the results 
obtained by interpolation may be regarded as accurate to about 10 per cent. 
The first tubes to flocoulate give the value of the senun in terms of the 
toxin used. 

Titration with uncoHccntrafed toxin 

Low value sera, below 100 rmits, are' titrated by blending with a rapidlj' 
flocculating antitoxin by a method similar to that described by O’Meara 
(1935). A mixture of two parts of a rapidly flocculating serum of known 
value and one part of the senim to be tested are titrated against 1 c.c. 
of an unconcentrated toxin (containing about 20 Lf miits per c.c.) first over 
a 20 per cent, and finally over a 10 per cent, range. Knowing the point of 
optimal flocculation of the mixture, the value of the tested serum can 
easilv be calculated. Blending methods of titration are not accm'ate, and 
imless card is taken in everj' case to select for blending an antitoxin of 
approximately the same value as the test serum the results maj' be very 
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inacc\irate Coiiseq\i('ntl^ nil flocculation rc'.ults quoted in tins pnj)cr for 
sera of below 100 units mnj bo regarded as onl\ approximnte and of |ittk 
Mxluo for compamtivo purpo-'Cs 

Experimental obser\ations 
Ntttine of the Jlocculahon 

Tlie geneial physical cliaractensfcics of tlio stieptococcus toxin 
antitoxin flocculation have been adequately described by O’jMeara 
(1935) and Rano and Wyman and their observations have been 
confirmed in all major lespects It is of irapoitance to stress the 
effect of dilution of toxin on flocculation This is shown in table I 
and it is an obvious deduction that iinconcentrated toxins prepared 
bj the usual methods would be quite unsuitable for flocculation 
tests since, at the best the^ would onlv give a precipitate just 
V isible to the naked e} e after inanv hours at 50® C This is the 
probable explanation of tlie difficulty experienced by eaily workers 
in obtaining flocculation in toxin antitoxin mixtures with anv thing 
approaching consistencv 

Table I 


The effect of toxxn dilution on flocculation 


doic of 

to\m(Lf\nUte) 

Optioul iloccuiatlon 
time (Kf vftitie) 

Size i»« 1 nature of llocculatlon 

100 0 

3 j rajnutos 

Numerous large floctulob 

jOO 

70 

Jj 0 

2 hours 

Few large floccules 

12 5 

4 

small 

6 2 

1 (la\ 

Fow\er> small floccules just \’isible 
to the naked 030 

3 1 

2 (lays 

Fow \ery small floccules hardly 
\isible to the naked 030 but 
Msible m an ngglutmoscope 

1 G 

flocculation 

No flocculation 


Nature of free toxin liberated by the destruction of antitoxin 
in toxin antitoxin floccules 

One of the most conclusive pieces of evidence that the 
er;j’throgemc and flocculating antigens are identical is derived 
from the splitting of toxin antitoxuj floccules It has been found 
possible by the following method to destroy the antitoxin m 
streptococcus toxin antitoxin floccules and to liberate fiee toxm 
The washed floccules are suspended in sahne and heated m a 
boiling water bath for half an hour , they are then cooled and the 
floccules digested wath tr^psm at 50® C for tluee hours at pH 8 0 
The mixture is heated to 100° C for a few minutes to destroy the 
trypsin and then filtered Tlie filtrate contains free toxm, but in 
V lew of the ratlier drastic treatment required, only a small yield of 
toxm amounting to 5 10 per cent is obtained Tlie method depends 
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on the relative stability of streptococcus toxin to heat and to the 
action of trypsin. The toxin derived from the splitting of the 
floccules has both flocculating and erytlirogenie properties, and the 
unitage.of the toxin as determined by flocculation and skin tests is 
the same. For example, in one experiment a toxin vas obtained 
of which one c.c. had an Lf of 11-3 units and neutralised by the skin 
test a quantity of antitoxin equivalent to 13 units. These experi- 
ments seem to prove conclusive^ that the flocculating and erythro- 
genic toxins are identical. 


Comparison of the erytlirogenie and floccidating antibodies in 
fractionated serum 

A scarlet fever antitoxin was fractionated by ammonium 
sulphate precipitation at different levels and the erytlirogenie and 
flocculating values determined. It can be seen from table II that 
there is fair agreement between both values in all fractions and 
that the flocculating antibody is mainly concentrated in the iiseudo- 
globuiin fraction, as would be expected if it was similar to most 
antitoxins. 

Table II 

Skin test and flocculation values of fractionated serum 


Fiaction 

Amount of 
(p.).so, 

<g. per 1.) 

Protein content 
of final dialysed 
material 
(per cent ) 

Unitage by 
sliin test 

Unitage by 
flocculation test 

In-vivo/in-% itro 
ratio 

A (PSasma) 



2000 

1700 

1-18 

B (Serum) 

. . 


1400 

1700 

0-82 

C 

0-210 

15-36 

700 

1360 

0-51 

D 

210-250 

16-90 

2100 

4420 

0-48 

F 

250-290 


8000 

8840 

0-91 

H 

290-330 

11-48 

3300 

4420 

0-75 

K 

330-360 

6-07 

500 

490 


L 

360-410 

5-72 

25 

20 

1-25 


Comparison of the erytlirogenie and floccidating antibodies of 
bleedings from horses taken at different stages of immunisation 

The results of 240 bleedings from 78 horses at different stages of 
immunisation are summarised in table III. They represent a 
portion taken at random from a very large number which have beeii 
tested in these laboratories during the past eighteen months. The 
results on the whole indicate some correlation between the floccula- 
tion and skin test values. There is a small proportion of sera in 
which the difference appears to be greater than would be expected 
both from the experimental error of the titrations and the normal 
differences between in-vivo and in-vitro values of sera of varying 
degrees of avidity. Moreover it might be argued from the increase 
of the in-vivo/in -vitro ratio from 0-6 to 1'6 vdth increase of unitage 











STREPTOCOCCUS TQXlK-AyTlTOXiy FLOCCULATION 43 


of sera from 100 to 500 units that tliis indicates t^^o antibodies 
and that, as the course of immiinisation proceeds, the er^throgemc 
antibody increases at a grcviter rate than the flocculating antibod}*. 
The agreement also is not as dose as that obtained by Raiie and 
Wyman, using American-produced sera. There appear, however, 
to be reasonable explanations for the discrepancies and the}’ will 
be referred to later. It is sufficient at the moment to indicate the 
tj’pe of agreement obtained and to obsor^'o that it is on the whole 
quite good. 

Table m 

Results of 240 bh€<li)\gs frotn 78 different horses 


In %i%o valje of 
Mefdlrip- In units 

In VIVO In vitro 
ratio 

No of 
bleeillmrs In 
caclijfTwup 

IIlslK^t anillovrc<t 
ratio In evch group 


Vnthmetic 
avpnce 
of ratio 

Vverac® 

500 or more 

>2 0 

10 

Higlicst = 40 

1 

C 




0 j 1 0 

13 

Lowest =05 

/ 



100-500 

>2 0 

4 







1 2 

7b 

Highest =30 




I 2 


05 10 

53 

Lowest =03 




<0 3 

3 






100 or 

1.2 

4 







0 5 10 

19 

Highest = 14 


0 C 




0 25 05 

12 

Lowest =0 11 





0 I 025 

7 






Comparison of ihc skin test and Jlocadation taittes of sera from 
itidividual horses during the course of tmmunisation 

Horbcs ore immunised with toxm produced according to the metliod 
described by O’Meara (1934). It is the custom m these laboratories to give 
the horses a preliminary course of mjectioni> with alum»precipjtated to\m ; 
this IS followed, after a rest, by the mam course of injections with toxm 
Ulipn the horses hav e reached a <;atisfQCtor 3 ' titre a number of bleedings of 
several htres are taken from them. Tlic hor-ea are rented for n few weeks 
and then given a rapid couivc of mjections with alum precipitated toxin, 
bled agam and rented Tlus latter course of injections is repeated and the 
horses are eventually* killed by bemg bled for a maximum yield of blood, 
xmder general ansesthesia. Tlieso course^ of injections are referred to as the 
preliminary, 1st, 2nd and 3rd coursed respectively. For a variety of reasons 
hordes may be killed before all the courses hav e been giv en. 

Table IV shows the results from a number of horses illustrating 
the different kinds of response obtamed. Before discussmg these 
results it is necessarj' to consider the accuracy of the tests involved. 
The flocculation results may be regarded as accurate to 10 per cent, 
and the skin values to 50 per cent. CJonsequently variations of 
ill- vivo/m- vitro ratios from about 0*6 to 1*7 are without significance, 
provided there is a normal scatter about the mean value. There 
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TabI/B IV — Showing the shin and flocculation values of hem frmn individual 

f _ •_»'/«<* ... j> . 


^07 »- 

5 c 

■ 

Date or 

j 

Ski)) j 

H c 

\>kct\\ns 

va\uD \ 

as 


1 


In-vi\o) 

iviA-iVto 

ratio 


Horse 9017 


29.7.40 1 

1 : 

2-0 

1-9 

j 1-06 

5.S.40 1 

3-0 1 

2-3 

0-89 

1 12.8.40 1 

4-0 

1-9 

2-12 

19.S.40 1 

4-0 ' 

.3-2 

1-23 

26.8.40 

4-0 i 

3-0 1 

1-34 

2.9.40 

6-0 

3-2 ; 

1 1-85 

9.9.40 

6-0 1 

3-9 1 

i l-ol 

16.9.40 

' 8-0 1 

' 5-6 1 

1 1-41 

14.10.40 

10-0 

6-8 

1-48 

14.11.40 

12-0 

1 

! 

3-9 I 

' i 

i 

3 OS 

\ 


1 



H 

:orse 9 

020 



Horse 8997 j 


S.7.40 

0-4 

0-9 

0-46 


22.7.40 

1-5 

1-3 

M4 

1 \ 

31.7.40 

2-5 

1-6 

1-39 


14.8.40 

8-0 

2-5 

3-22 

1 

21.8.40 

100 

3-0 

3-35 

2 

18.9.40 

12-0 

6-2 

1.94 


Horse 9239 

-{ 

1 3 

7.10.40 
21.10.40 

4.11.40 

2.12.40 
6.1.40 

I-O 

4-0 

8-0 

12-0 

16-0 

1 

U 


- 




Horse 8904 


I 

1 26.6.40 

0-3 

2-7 1 

i 24.7.40 

4-0 

5-6 

3.S.40 

10-0 

0-.7 

3.9.40 

10-0 

11-2 


' Date or 

Ski!) 

1 

t'locciUa- 

1 WeeiliriK 

value 

Uoji vaJ«e j 


Horse 8743 


1 1 7.2.40 

1 0-4 

3-2 

: 10.2.4 

1 1-5 

3-2 

' j 21.2.40 

1 2-5 

3-2 ' 

I 24.2.40 

s-,-) 

3-2 

I 13.3.40 

■ 6-0 i 

3-2 

18.3.40 

1 6-0 

1 3-2 

20.3.40 

13-0 

' 4-6 

27.3.40 

6-0 

4-5 

2 30.4.40 

16-0 

14-3 

3 4.6.40 1 

1 

10-0 

8-0 


Horse S989 


Horse 8986 


8.7.40 

0-3 

3.8.40 

1-2 

19.8.40 

4-0 - 

2.9.40 

6-0 

30.9.40 

7-0 

4.11.40 

5-0 

9.12.40 

7-0 


Horse 9240 


r 7.20.40 
.{(21.10.40 
il 4.11.40 
> 9.12,40 


Values are given as units /IDO. 



8.7.40 

0-4 

i 

0-S 

5.8.40 

1-0 

I'-e 

19.8.40 

3-0 

2-11 

2.9.40 

10 0 

2-7 

.30.9.40 

12-0 

9-3 
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are, lio\\o\cr, a nunibei of discrepancies bctMcen the skin and 
flocculation 4 allies nliich are apparent from tlie e\amples slioiui 
in table IV Tirstlj tbeie is often a ver3 Ion in m\o/iii Mtio 
ratio at the beginning of the main (1st) course of immunisation (see 
horses 8904, 8980, 9020) This liappcns nith about one half of 
tlie horses In a fen cases (horse 8742) the flocculation titre remains 
constant for a period during nliich the skin value shoivs a stead} 
use , this IS not due to a completeU non specifre flocculation, since 
normal horse seia do not floiculate with the antigen Ereiitrnll} 
as imniiinisation proceeds the skin and flocculation values agree 
more closelj Secondl} , there is an impression gamed from some 
hoi’ses (8742, 8743, 8989, 8997) that the skin value may rise fault 
rapidly and the flocculation value remain low and later rise to the 
same value as the skin test This ma} or ma} not be associated 
with a change m the couise of immunisation This variation of the 
m vnv o/m-vitro ratio with (btrerent bleedings fioin the same horse 
IS veiy difficult to evplain inaccuracy of testing and questions 
of avidity do not appear to offer satisfactory exirhnations There 
remains the possibility of difference in quality of antitoviii which 
affects the in v ivo/iii vitro ratio This is pure speoiilation but it is 
of interest that treatment with pepsin destro}s the high ratios For 
example, with one serum before treatment with pepsin the ratio 
was 3 2, and afterwards 0 97 Moreover it can bo seen fioni table V 
that sera after treatment vi itli pepsin show a much closer agreement 
between skin and flocculation vmlucs than the same sera before 
treatment The possible reasons for this discrepancy aie a subject 
for further investigation , the mam purpose is to recogmse these 
differences and make allowance for them m interpreting the 
flocculation results Aiiproximatel} one half of the horses aie 
similar to horses 9240, 9239 and 8986 in which the slun and 
flocculation values agree during the whole jieriod of immuiiisation 

Flocculation values of concentrated sera 
Concentrated sera have been tested for flocculation v allies , 
they consist of mixtures of bleedings from different horses which 
have been concentrated by a peptic digest method to give sera 
of values from 2000 to 7000 units per c c The agreement betw een 
the skin and flocculation values is closer than that obtained with 
iinconcentrated sera This is to be expected, since individual 
variations tend to be counterbalanced during blendmg and peptic 
digestion eliminates the high in vivo/in vitro values found in the 
sera of some horses In a group of twenty two consecutive batches 
of concentrated sera the average m vtvo/in vitro ratio vi as 1 1 and 
the limits of variation were from 0 73 to 1 9 These variations are 
almost exactly what would be expected fioin the limits of accuracy 
of the skin test 
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Yields of antitoxin after concentration by peptic digestion 
calctilated on skin test and flocculation values 

Tile flocculation value of scarlet fever antitoxin can be determined 
much more accurately than the skin value, since the former is 
determined on a 10 per cent, and the latter on a 100 per cent, 
range. It is of interest to calculate the yield of antitoxin obtained 
after concentration, based on the skin and flocculation values. 
These sera are concentrated as a routine by the peptic digestion 
method described by Pope (1938) : the results are given in table V. 


Table V 

Antitoxin content of sera before and after concentration 


Batch 



• pepsin treatment 
concentration 

Percentage 
yield calcu- 
lated from 
skin test 

Percentage 
jield calcu- 
lated from 
flocculation 
test 

Shin value 

Flocculation 

value 

Skin value 

Flocculation 

value 

04 

380 

210 

4300 

4840 

32-8 

74-7 

55 

100 

80 

2500 

2120 

65-1 

69-1 

56 

330 

260 

5000 

5830 

54-1 

70-8 

58 

400 

260 

6000 

5860 

42-6 

64-1 

60 

350 

320 

6000 

4950 

54-3 

49-1 

62 

500 

390 

6500 

8580 

31-4 

53-3 

64 

100 

90 

1600 

2200 

45-5 

67-2 

65 

300 

160 

4500 

5400 

40-3 

87 -3 

66 

100 

70 

2000 

1280 

58-8 

54-0 

67 

400 

350 

9000 

6840 

81-5 

70-8 

70 

110 

130 

3100 

2750 

91-6 

65-6 

71 

130 

60 

2000 

1480 

47-4 

74-1 • 

73 

400 

233 

5500 

5180 

45-9 

72-0 

74 

80 

60 

1800 

1450 

59-0 

62-0 

75 

280 

210 

5200 

5100 

53-0 

69-2 

77 

400 

190 

6600 

5240 

36-3 

60-8 

80 

300 

230 

4500 

4280 

49-8 

63-0 

81 

100 

70 

1700 

1690 

52-8 

71-7 

82 

270 

160 

3000 

3140 

42-2 

75-9 

84 

300 

160 

4000 

3890 

46-6 

84-8 

So 

170 

110 

2700 

2810 

43-3 

67-7 


Values in U.S.A. units. 


They jiro^dde confirmatory evidence that the skin and flocculating 
antibodies are probably the same, since they are obviously con- 
centrated by the process in similar ways. There are two further 
points of great importance. Pirstly, the yields calculated on the 
flocculation values are in keeping with the results obtained in 
these laboratories with other types of sera, both as regards yield 
and the relation of the yield to the protein figures before and after 
digestion. The yields calculated on skin values show a much bigger 
variation than would be expected and in some cases they appear 
liighly improbable. It would seem that the flocculation values are 
a closer approximation to the truth. Secondly, the difierences 
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bohreon skin and flocculation values arc almost entirelj- confined 
to the mixed plasma before treatment with pepsin and concentration. 
Apparenth' the skin test is less acurate, giving liigher values to those 
sera unmodified by pepsin' and having a higher protein content. 
It is possible that pepsin cither destroys some substance interfering 
with the.sldn test or modifies the antitoxin in some way « Inch alters 
the in-vivo/in-vitro ratio. 


Sera from diffeient sources 

A number of sera from various sources unconnected srith these 
laboratories have been tested bj- the skin and flocculation methods 
(table VI). Ho attempt has been made to correlate the values with 
the unitage stated on the labels, as some of the sera aie man3' years 
old. It IS of interest to note that there is reasonable agreement 
between the in-vivo and in-vitro values in everj- case. That sera 
produced over a long period in difierent countries should give such 
agreement is strong evidence that the two antibodies are identical. 


T,snLE 

Skin and JlocctdaUon lahtea oj sera from different soiirecs 


Scarce 

SUn iilue 

Flcvcuhtloii \ilue 

111 >ivo In >ltro 
ratio 

American 

40 

35 

1 17 


350 

460 

0 76 


500 

350 

1 42 


600 

600 

1 0 


800 

530 

1 54 


1600 

S70 

1 84 


2500 

2080 

1 20 


3300 

1800 

I S3 

British . 

400 

260 

1 54 


600 

460 

1 30 

Japanese 

650 

460 

1 44 

Hungarian 

300 

260 

1 15 


Ratio of the quantities of toxin flocculating with and neutralised 
by one unit of antitoxin 

With the skin test there is always included on each rabbit a 
series of mixtures of toxin and standard serum dduted to contain 
100 IT.S A. units per c.c. for direct comparison irith the sera to be 
tested. These mixtures consist of 0-5 c.c. of toxin containing 
approximately 2 million skin test doses per c.c. mixed with varj’ing 
quantities of the standard scarlet fever antitoxui dilution. The 
end-point in most rabbits corresponds to 0-4 c.c. of antitoxin, and 
consequently 1 unit of antitoxin is equivalent to 25,000 S.T.D. or a 
volume of 0-0125 c.c. With the flocculation test, 0-4 c.c. of scarlet 
fever antitoxin containing 48 units per c.c. is equivalent to 1 c c. 
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of toxin containing 2-5 million S.T.D. per c.c., or I unit of antitoxin 
is equivalent to 125,000 S.T.D., that is, to a volume of 0-0625 c;c. 
of a toxin containing 2 million S.T.D. per c.c. The ratio of the 
volume of toxin flocculating noth 1 unit of antitoxin to the volmne 
neutralised by 1 unit of antitoxin in the skin test is 5:1. This is 
easily illustrated by injection into the rabbit of a range of dilutions 
covering the 'flocculation and skin neutralisation points, when it 
can be seen that it requires per unit volume of toxin five times as 
much serum to neutrahse the skin reaction as it does to give optimal 
flocculation. This ratio of 5 : 1 is very difierent from the ratio of 
1000 : 1 given by Rane and Wyman. No explanation of this 
difference is at the moment available ; however, it is almost entirely 
in the animal test. Tins ratio of 1000 : 1 is based on 1 unit of 
antitoxin being equivalent to 50 S.T.D., whereas with the skin 
test in these laboratories it is found to be equivalent to 25,000 
S.T.D. The value of 125,000 S.T.D. found to flocculate with 1 unit 
of antitoxin is in close agreement with the 60,000 S.T.D. given by 
Rane and Wyman, since the skin test dose is a unit difficult of com- 
parison between two laboratories. The immunological significance 
of this 5 ; 1 ratio may be that we are deahng with antitoxins of 
extreme non-avidity, and that a very large excess of antitoxin 
is necessary to overcome the effect of dissociation. This 5 : 1 ratio 
is higher than those usually experienced in immunology, but the 
ratio of 1000 : 1 based on 1 unit of antitoxin being equivalent to 
50 S.T.D. is so completely divorced from anythmg previously 
observed in serology as to render any explanation based on avidity 
highly improbable. 

Discussiok 

The main purpose of tins investigation has been the pm-ely 
jiractical one of determining whether the skin test can be replaced 
by a flocculation test. It is a natural corollary that this would only 
be satisfactory if the two antigens were identical. I think it can be 
considered proved that there is a specific flocculation associated 
with the neutralisation of the erythrogenic antibody. It has been 
seen that, although there are differences between the skin and 
flocculation titres of sera,' there is nothing that rules out this 
possibility. Much of the evidence for the identity of antigens is 
inferential and it is seldom possible to give direct proof. Evidence 
such as that found by the destruction of toxin in diphtheria toxin- 
antitoxin floccules, leaving purified antitoxin which has both 
flocculating and animal-protecting properties, is strildng confirmation 
of the current Unitarian conception of serum reactions. The 
liberation of toxin from scarlet fever toxin-antitoxin floccules is 
conclusive evidence that there is a specific flocculation associated 
with the neutralisation of the erythrogenic toxin by antitoxin. In 
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general, rvitli avid sera, tlio animal test is regarded as more accurate 
than a flocculation test, largely because more is knomi of the 
factors influencing the flocculating reaction. Like all flocculation 
tests, scarlet fever flocculation is subject to the well known errors 
due to non-specific flocculation, zone formation, one-sided spread 
of the zone of flocculation (indicating two optimal points of 
flocculation too close together to give zones) and the existence of 
sera which take a very long time to flocculate. On the whole this 
test seems fairly free from these difiiculties. There is usuallj’ a 
zone of non-specific flocculation but normally it only appears after 
one to two days’ incubation. It is far removed from the specific 
zone and the floccules are much smaller. It is probably due to 
bacterial protein, since the antigen is present in approximately the 
same amount in filtrates from all the strains of pathogenic strepto- 
cocci examined, including those producing very little erytlrrogenic 
toxin. Verj' occasionally two zones of flocculation occim close 
together and more often there is a one-sided spread of the zone 
of flocculation. With the skin test there are also a considerable 
number of difficidties and an e.xamination of tho literature will 
readily reveal the trouble experienced in titrating scarlet fever 
antito.xins in view of the lack of a really susceptible experimental 
animal. The agreement between the in-rdvo and in-vitro values 
lias therefore to be considered in the light of a somewhat un- 
satisfactory animal test and a flocculation test which has the 
disadvantages usuafly associated with suc/i methods. Under these 
circumstances the agreement between skin and flocculation values 
appears to be good and in fact evidence such as that obtained by 
the calculation of yields on concentration indicates that the floccula- 
tion test maj' be a closer approximation to the truth. Remembering 
the types of response obtained with different horses as shorra in 
table V, the flocculation method may with advantage replace the 
skin test for many of these determinations. One observation, for 
which at the moment there is no precise explanation, is the variation 
of the in-vivo/in-vitro ratio with different bleedings from the same 
horse. This variation is aiiparently eliminated by treatment with 
pepsin. 

SUMMAKY 

1. Haimolytic streptococcus (scarlet fever) toxin can be recovered 
from toxin-antito.xin floccules by the action of heat and trypsin. 
The recovered toxin has both erythrogenio and flocculating 
propertie.s. 

2. It is confirmed that there is specific flocculation associated 
with the neutralisation of toxin by antitoxin and that the reaction 
may be used for titrating the antitoxin. 

3. Some horses may at one period during the course of immunisa- 

JOCRK. OF PATU. — TOL. LIU D 
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tion show a high in-vivo/in-vitro ratio. This ratio is altered by 
treatment with pepsin, the in-vivo value coming much closer to the 
in-vitro value. 

My thanks are due to Dt H. J. Parish and to Sir A. T. Glenny for a great 
deal of advice and constructive criticism. 
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THE BACTEKIOLOGICAL EXAillHATION OE 
WATER SAMPLES WITH REFERENCE TO 
DIRECT AND SECONDARY INCUBATION AT 
44° C. 

L P. L Clegg 

From the Fisheries Experiment Station^ Convxiy, Cacmanonshxrc 

an efibrt to ov creome certain objections to the teclinique oflicmllj recom 
mended Olinistrj of Health, 1034) for estimating coU acrogenes bacteria m 
water, \\ilson and his colleague^ (1935) desciibed four method', for the 
quantitative examination of milk, water or other liquid material Method II 
IS purely a plating methotl and need not be considered further The otlicr 
tliree methods involve preliminary enricliment m MacConkoy’g bile salt 
lactose broth Generally one 50 ml and five 10 ml quantities of fliud arc 
inoculated into equal amounts of double strength MncConkcj s broth and 
tive 1 ml and five 0 1 ml quantities into 10 ml of MacConkoy’s broth of 
ordinary strength, but m special cases smaller amoxmts may aKo bo used 

In incihod / the inoculated tubes are incubated for 48 hours at 37® C 
and ft loopful of the culture of tho highest dilution showmg acid and 
gas IS spread on a MacConkey ’s agar plate This is incubated for a further 
24 hours and three colonies are picked off for differentiation of the coh, 
intermediate and aerogencs types Tlio total number of living coliform 
organi-ms is estimated, proforably with the help of probability tables, and tlio 
proportion of tho various types is deterramed from the results of the colony 
cxammations In method III ono set of tubes is incubated at 37* and a 
«econd at 44° C for 48 hours All positive tubes at 37* C are subculturcd 
mto citrate medium, which is examined for growth after 48 hours at 37* C 
The probable number of cohform organtsms is estimated from tho MacConkey’s 
tubes positive at 37° C Tlioso wlucli yneld growth on subculturo in citrate 
are considered to contam organisms of tho intermediate, acrogenes or cloaca; 
type (I AC), while tho e which do not aro regarded as containing only 
Bact coh I or H Tlio probable number of Fact coh I is estimated from 
the "MacConkey ’s tubes positive at 44* C In m^'thod IV one set only of 
jMacConlcey ’s tubes is meubated at 37* C for 48 hours AH positiv e tubes 
are subcultured into both citrate at 37“ C and MacConkey’s broth at 44* C 
and meubatod for 48 hours Tho probable number of coliform organisms is 
obtamed from tlie original MacConkoy’s tubes positiv e at 37° C , the Bad coh I 
count from the number of confirmatory ‘MacConkey’s tubes showmg acid and 
gas at 44® C , and the I A C count from the positive citrate tubes at 37* C. 

Method I has been described by Wilson d al as tedious and presentmg 
an erroneous picture and Bardsley (1938) came to the same conclusion 
Method HI Is described by Wilson et al (p 208) as being “ peculiarly suitable 
for a rapid f^timation of the fecal coh count It is less satisfactory for 
determmmg the coh aerogencs ratio ”, wlulc method IV^ is recommend^ by’ 
them if the presumptive coliform count, the fecal coh count and tho I A (5 
count arc de^^ired, and is of particular value in determining tho coh aerogencs 
ratio 
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Hie Ministry of Health (1939) express the opinion, that organisms of the 
I. A.C. group are of no practical interest in the presence of more than minimal 
numbers of Bact. coli, and that it is only Tvlien Bact. coli is absent that tlie 
presence of other types of coliform bacteria becomes important. It should 
be noted, however, that Taylor (1941) found greater relative proportions of 
I. A.C. to ftecal coli in polluted than in relatively pure waters. If the Ministiy'’s 
\dew is correct, the coli-aerogmes ratio has little practical value, and the 
fact that method III is not satisfactory for the determination of this ratio, 
becomes of little accoimt. As method HI seems suitable for the rapid 
determination of fecal coli and method IV the most satisfactory for I.A.C., 
a combination of these methods should provide a still more reliable test. 
The work involved would be little more than that required for method I, 
already long established in this coimtry. Sloreover the relative accuracy 
of method W is left intact, and the .speed with which the Bact. coli coimt 
can be obtained may often be useftdly applied in the issuing of interim 
reports, the value of which will be particularly appreciated at the present day." 


Opportunity lias been taken to apply the eombined test to a 
considerable number of routine samples of waters of different types. 
The data thus obtained throw light on the relative merits of primary 
incubation at 44° C. as opposed to the incubation at this temperature 
of secondary tubes, that is, tubes inoculated from primary cultures 
at 37° C. ; for there is a possibility that Bact. coli may suffer from 
“ heat-shock ” and that on this accoimt the primary cultures at 
44° C. may not give as high a count as that yielded by secondary 
' cultures at this temperature. Raven ef al. (1940) compared the 
presumptive Bact. coli counts at 37° and 44° C. on 329 samples of 
water, Wt in only 135 samples were Bact. coli present in both tests. 
Their results showed a somewhat higher number of Bact. coli 
developing at 37° than at 44° C. but in the majority of samples the 
differences may well have been due to chance. They decHned to 
draw any conclusions, but suggested that further stud}"- of the 
presumptive test at 44° C. seemed desirable. 

TEcmaQUB 

The Tisual quantities of water were inoculated into two sets of MaoConkey’s 
broth tubes (2 per cent, peptone, 0-5 per cent, sodium tauroglycocholate, 

1 per cent, lactose, 1 per cent. Andrade’s indicator), one set being incubated 
at 37° C., the other in an acom-ately controlled water-bath at 44° C. (Clegg 
and Sherwood, 1939). The tubes incubated at 44° C. were not pre-heated 
before inoculation as tliis had been foimd unnecessary- (Clegg and Sherwood). 
Both sets were examined after 24 and 48 horns and subcultures were made 
from all tubes showing acid and gas. 

Hie positives at 37° C. were subcultured in Koser’s citrate medium 
containing 0-008 per cent, brom-thj-mol-blue at 37° C., and in MaoConkey s 
' broth at 44° C. A loopful was also spread on a segment of an eosin-methylene 
blue (E.M.B.) agar plate. The inoculation of MacConkey’s broth at 44° C. 
was performed with a triple loop— three loops on one wire— as there seeito 
to be some doubt whether minimal inocula suitable for use at 3( C. will 
suffice for tubes incubated at 44° C. (Raven et al.). 
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PO'.itivo primnrj cultures at 44® C were subculturcd m citrate jncdium 
and on EMB platc-s in order to detect organisms other than Bnct coU 
^\hicli might hnvo fermented JlacConkoy’s broth at 44° C 

Tliore aro tlireo quite distmct colonial types of Bad coh on E ’Sf B plates, 
each exlubitmg certain \armtions, uluch the jwater bacteriologist may 
encoimter and should bo able to identify Tjqie I, most commonlj obser\ ed, 
13 2 3 mm in diameter, flat and drj, with a lai^o dark centre and show mg 
little tendencj to confluence , it may or may not exhibit a motnllic 'Jlieen 
or a target marking m the centre Typo II is 4 5 mm m diameter, flat and 
dry, witli a roughened surface and irregular edge , it has a relatnely smaller 
darkened centre than tj^io I and may or may not oxliibit a metallic sheen 
Type ni IS about 3 ram in diameter and is the least common , it is mucoid, 
raised and smootli, s\ith a dark centre, and CKlubits a distmct tendency to 
confluence, it may or may not exiubit n metallic sheen Le\me (1921) 
claims that colonies of type II constitute only 2 or 3 per cent of the Bad coh 
colonies observed The experience of the author is that m this countiy 
they are more numerous 

Results 

III all, 837 samples of water of different types from tlie I^orth 
Wales area uere examined The distribution of types is shouix 
m table I 

Of those samples contammg coliform organisms (556) 442 or 
79 5 per cent contained fajcal coh This figure is just outside the 
range of 80 90 per cent found by Bardsley (1934) and subsequently 
quoted by the Ministry of Health (1939) for \\ater8 in this coimtij 
But the findings in any given senes would depend on the tj’pes of 
“water examined and if a high proportion of these were chlorinated 
or well w aters the percentage figure might be w ell below 80 90 


Results of confirmatory tests on primary lubes positiie at 37° C 

In all the samples in table I, 4065 tubes sliowed acid and 
sufficient gas to fill the concavity of the Durham’s tube wJieii 
incubated at 37° C Of these, 2573 (63 3 per cent ) were positive 
at 24 hours, and 1967 (76 4 per cent ) of the latter were proved to 
contain either Bact coh type I or irregular type II Of the remain 
ing 1492 (36 3 per cent of the total) positive at 48 horns, only 255 
(17 1 per cent ) contained these organisms Raven et al found a 
somewhat higher proportion of their positives at 24 hours to 
contain Bact coh, but their samples were derived largely from 
filtered and some from chlormated waters, whereas the sources of 
supply for this work were extremely varied and there were many 
samples of well water which gave high cohform counts and very 
few or no f»cal coh 

Anomalous reactions at 37° C were largely caused by cultures 
giving colomes typical of Bact coh on E B plates but negative 
reactions m citrate and at 44° C Only 92 49 per cent of the 
coh like colomes on the E H B plates were accompanied by positive 

JOURI. or rATH — TOL Lin D 2 
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Primary incubation at 41 ° C. was omitted through lach of Incubator space. 
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reactions at 44® C. in tlic confirmatory txibe. One hundred and 
seven culturcs vliich did not give this confirmatory test were 
examined in detail (table II). 

Table II 


Reactions of 107 a)wmalous strums from primary cultures at 37® C. 


Results of tests OH pure cultures 


Xo at 4-1® C 


Limited cai* 

at 4.V C 

GoodptoducUoudCgasatAV C. 

.No 

I 

M R 

VP 
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.No 

I 

SI It 

VP 
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Xo 


SI It 

VP 
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20 

+ 

+ 

_ 



5 

+ 

+ 

_ 

_ 

4C 

+ 

+ 
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19 

_ 

+ 

— 
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• Insuttlclcnt to All tbe cnvltj of the Duiliam’s tube 
I. «* indole, MR -methslxcd, VP *» Voges.pTOslvauer, C = citrate 


Tliere is nothing very surprising in tlie first two categories in 
table II. Strains of Bact. coli wliich give limited or inconstant gas 
formation in JIacConkey’s broth at 44® C. are observed on rare occa- 
sions. Tlie 20 cultures whicli gave the reactions, indole -f, IVI.R.4-, 
V.P.— , citrate—, are of the type called by Wilson et aL “ Irregular 
coh'-llUe I ”, and by the Jlinistry of Health (1939) “ Irregular tj^ie I 

The cultures in the tliird category failed to produce acid and gas 
at 44® C. in the ordinary confirmatory test, but when the organisms 
were isolated in pure culture tliey did so, and they continued to 
do so in repeated tests. Tliese results were not due to inaccurately 
controlled U’ater-baths or to the use of hot vires in making the 
initial subcultures. They miglit conceivably have been due either 
to the need for time in which the enzymes could become adapted to 
the high temperature or to tlie presence of an inhibitor}'’ organism 
in the culture from the primary growth, but of this there is no 
evidence. 

There is, however, some evidence that tubes incubated at 44® C. 
may require larger inocula than tubes incubated at 37® C. Raven 
at. drew attention to this fact in connection ■ivith experiments on 
Bad. colt. For this reason, as mentioned above, we have used a 
triple loop in making inoculations into tubes for incubation at 44° C. 
Even so, it is quite possible that, on occasion, insufficient numbers 
of organisms were transferred. Although AVilson et at. found no 
significant difference in the number of Bact. coli which developed 
when parallel tubes of MacConkey’s broth were incubated at 37® 
and 44° C., this has not been the experience of the- author on the 
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few occasions when this has been tested. Table III gives evidence 
that a temperature of 44°.C. is frequently not as suitable as 37° C. 
-for the grovdh of Bact. coli. 

Table III 


Groivth of Bact. c'oli in MacConhey’s broth at 37° and 44° C. ' 


Strain 

Viabie coimfs {miHfoiis per ml.) on SLacConkey’s agar j 

Brotli incubated 24 hours 

Broth incubated 48 hours 

37" 

44’ C. 

ST’ C. 

1 

44" C. 

A 

680 

240 



B 

810 

260 



C 

480 

23 

100 

1-6, 

D 

500 

5 

147 

2*7 

E 

490 

7 



V 

380 

26 



G 

470 

1-2 

176 

6-36 

H 

590 

1-2 

172 

1-6 


Certain other cultures produced colonies t 3 q)ical of Bact. coli, 
apparently in pme culture, on the E.M.B. plate and gave positive 
reactions both at 44° C, and in citrate in the confirmatory test. 
When the colonies were picked off, aU but one proved to be citrate—. 
In otlier words the organisms responsible for the growth in citrate 
in the confirmatory test were not visible on the E.M.B. plate, but 
their presence was confirmed in the citrate tube. As only one 
colony from each culture was tested, it is quite possible that other 
colonies existed, giving the same appearance as those tested, which 
were both citrate+ and 44° C.+. In view of the number of tests 
made (38) this is thought improbable. The one culture which was 
citrate +, 44° C.-fi and gave colonies tjrpical of Bact. coli was a 
strain of Baci. aerogenes I, derived from a primarj'^ tube which was 
positive at 48 hours. 

In this country the incidence in water of organisms giving a positive 
result both in MacConkey broth at 44° C. and in citrate medium appears 
generally to be low. In India, Baghavachari and Iyer (1938-39) reported 
that 60-70 per cent, of organisms similar to Bact. aerogenes fermented 
MacConlvcy’s broth at 44° C. and concluded that incubation at 44° C. as a 
test for frecal coli can only be regarded as valid if it can be proved that 
the organism called “ Irregular 13^ ” is a normal inliabitant of the Indian 
intestine. Recently Harding (1940) made a similarly adverse report based 
on the examination ‘of water in the North-East Derbyshire area ; this 
appears to be the first really serious complaint against incubation at 44° C. 
in this countrjf. Baven et al. on occasion isolated Bact. aerogenes which 
fermented HacConkey’s broth at 44° C., but their experience was that such 
cases were peculiar to certain somces of supply. Small proportions of these 
organisms have also been found in polluted shellfish, but the distribution was • 
' more general (Clegg and Sherwood). The general opinion in this coimtry 
appears to be that incubation at 44° C. is a more specific test for Bact. coU 
than is growth in MacConkey’s broth at 37° C. for coliform organisms. 
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EesuUs of confirmatory tests on primary tubes positive at 44° C 
Theie were 176G primary tubes slioving acid and gas at 44° C 
Of tliese, 42 (2 4 per cent ) failed to show colonies typical of Bact coh 
on the E M B plate , 30 ga^e no gro^viih on tlie E M B plate and 
12 8ho\\ed at3Tncal colonies, 10 of which, when examined in pure 
culture, gave the reactions shown m table IV Si\ other primary 
tubes which sliowed an alkaline reaction and gas yielded no growth 
on the E M B plate 

Tablf IV 

Reactions of pure cultures of 10 anomalous strains from primary 
ciiJOirc^ at 44® C 


Xo 

Indole 

Ml 

\ P 

titrate 

Oa3ftt44»C 

Ilcmarks 

1 

- 

+ 


- 

- 

Coccus , small dark col 
onies ca 1 mm 

3 

-i. 

+ 

_ 

— 

— 


1 

— 


+ 

— 

— 

Sm/ill nater) colonies 

1 




— 

— 

1 


+ 

+ 


(Alk) + 


1 


+ 






Four of the anomalous cultures ga\e the reactions of Bact coh 
although only one of them produced acid and gas at 44° C Absence 
of groivth on E M B plates gave rise to the majority of these 
anomalies It has been noted m this work that certain cultures of 
jBact coh Will not remain alnc m MacConkey’s broth at 44° C for 
48 hours, but it is not possible to say whetlier the failure to grow on 
E M B plates was due to the death of Bact coh or to the fact that 
anaerobes were responsible for the production of gas in the pnmary 
tubes 

Comparison of methods III and IV 
For the comparison of tiie most probable numbers of Bact coh 
obtained by methods III and IV a fairly comprehensive idea of the 
situation can be obtamed from the figure (p 58) This has been 
drawn on a logarithmic scale to keep it within reasonable compass 
The diagonal line is where the pomts should fall if both methods 
yielded the same result and if the dilution method of exammation 
did not admit of such wide variations (Blmistry of Health, 1939) In 
drawing this diagram a difficulty was encountered in plotting pairs 
of numbers, one of which was 0 Clearly tins cannot normally be 
done on a logaritlimic scale, but the number of such samples (104) 
made it imperative that they should be included A suggestion, 
put forward by Jlr Buchanan Wollaston, of plottmg values of 0 
in a special space labelled “ less than 1”, was adopted The diagram 
show’s (a) that there is a fairly even distribution of the extent of 
pollution in the waters examined, (6) that the limits of vanation are 
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approximately the same on both sides of the line, and (c) that the 
larger number of points falls on the “ method IV ” side of the line. 

It is not possible to show in the diagram the extent of zonhig 
of the various types of water, but as might be expected, the 
chlorinated, filtered and raw piped waters largely fill up the bottom 
half of the diagram wliile the raw water from streams, springs, 
rivers and surface waters predominate in. the higher numbers, the 
other types being more or less dispersed about the middle. The 
diagram, moreover, sliows the grave difficulties involved in the 
apphcation of mathematical analysis. 



method IV 

I'lG. Comparison of the results of examination of 413 water samples by methods III 

and IV expressed as probable numbers of Bact. coli per 100 ml. 

It will be seen in table V that in none of the types of water do the 
figures obtained by method III exceed those given by method IV. 

Although there is a great difference in the number of tunes 
each method exceeds the other (III>TV lOt times ; IV>III 249 
times; ratio 41-8:100), the difference in the average probable 
number of Bact. coli yielded by both methods is not great (III : IV == 
72-6 : 100). Thus although IV is in excess of III on a great many 
occasions the amount of this excess is not large. 




Comparison of resulta obtained in the examination of water by methods III and IV 
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As yet no satisfactory statistical test lias been evolved to test the 
significance of any difference between two bacteriological tests 
performed by the dilution method. The reason for this is the very 
large experimental error of the (Mution method (jllinistry of Health, 
1939). However, illr Buchanan Wollaston, who is shortly to 
publish a statistical method for comparing paired results arrived at 
by the dilution method, has been good enough to study the results 
obtained by using methods III and IV in jiarallel and the gist of 
his observations is as follows (personal communication). 

Of tlie 413 samples in wliicli Bact, coli was shown to be present by one or 
both of the metliods there are 353 pairs of counts in which these yielded 
different results. Of these, method TV is greater in 249 cases and method III 
in 104 cases. The exact probability of obtaining as great an excess of 
positive (or negative) signs, if the chances of a positive is equal to a half 
and equal to that of a negative, would be found bj' adding up all the terms 
of the binomial (4+4)^®^, outside and including the term corresponding to 
“ 249 heads, 104 tails ” and outside and including the term “ 249 tails, 
104 heads”. This would be a very lengthy calculation and, as will be shown 
later, is not necessary. When n is as great as 353, the binomial is closely 
approximated to by the normal distribution with the same mean and 
standard deviation, especially as the binomial in question is sj-mmetrical. 
The standard deviation is equal to Vjx353 or about 9-4. The obsen'ed 
difference from the mean of the distribution, which is 176-5, is 72-5. The 
difference from the mean is therefore nearly eight times the standard 
deviation. Pearson’s tables (1930) show that seven times the standard 
deviation on both sides together is only exceeded about once in 
260,000,000,000 trials by chance. Thus without any furtlier test this quite 
definitely proves that method TV gives a greater calculated most probable 
number than method HI. 

VTien the pairs of results are tested separately only 64 can possibly be 
regarded as being significantly different. Of these method IV is greater in 
51 cases and method III greater in 13 cases. This confirms the general test 
of the signs. 

The above results give no indication as to the extent of the 
difference. However, the main question, whether method IV 
gives a greater count than HI, has been answered, and this is the 
first step towards solving the problem. 

Discnssiofsr 

As method III gives an average figure consistently lower than 
method W it may be argued that the less efficient method should 
be discarded. This is a view with which the author does not agree 
for the foUowhig reasons. In 25 per cent, of the samples method IH 
gave a higher count than method IV. This percentage can hardly 
be ignored. Moreover, method III ■wfil almost invariabl}’’ give a 
result overnight, whereas method ri^requues 3 and sometimes 4 days. 
Speed in issuing a report is always an important consideration but 
in'present-day conditions it is often of paramount importance. 
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Tlius altliough method III suflbrs from the obvious disadvantage 
of giving a smaller count than method IV in GO-3 per cent, of tho 
samples exammed, this disadvantage is somewhat outweiglied by 
the other considerations. The author’s opinion is that method III 
is an mvaluable addition to method IV and that the greater speed and 
accuracy obtained bj' ninning both tests in parallel counterbalance 
the extra labour involved. 

Tho reason why method W gives a greater count than method III 
in so many cases is not clear and an investigation into this problem 
might tlu'ow light on the way in which Bad. coU reacts to living 
conditions at 44° C. and help towards establishing a standard and 
more rational water test. 

StTMMAKY 

1. The four methods of bacteriological examination of water 
described by Wilson et at. (1935) are summarised and their relative 
merits discussed. An attempt is made to show that a combination 
of tho two best methods (III and W) would yield a still more 
reliable test than the best method (IV) alone. 

2. The results of examining 837 samples of water of all types 
from the Horth Wales area are discussed. 

3. The results of the confirmatory tests on tho primary cultures 
at 37° and 44° C. are discussed and certain anomalous residts are 
considered in detail. 

4. A comparison between direct and secondary incubation at 
44° C. (methods III and IV) is made. Of the 837 samples, 413 
showed Bad. coU by one or both methods. The ratio of total 
probable Bad. coK yielded by method III to that obtained by 
method TV is 72-6 : 100. In 353 out of 413 samples the probable 
number of Bad. coli obtained by the two methods differed. 
Statistical analysis shows that, although the proportion of samples 
in which the results differ significantly is small, the number in 
which method IV gave a higher count than method III is significant. 

5. It is suggested that, while method TV gives, on an average, 
a higher probable coimt than method III. a combination of both 
methods should still be used in view of the speed rvith which results 
can be obtained by method m. 

Tills work has been done under the auspices of the Emergency Public 
Health Laboratory' Service (Medical Kescarcli Council), to whom tho author 
has been lent for part.time service. Thanks aro duo to Prof. H. T>. Wright 
and Dr D. T. Robinson for Iielpfid criticism, to Mr H. J. Buchanan Wollaston 
for the statistical analy-sis of tho data, to Mr H. H. Goodchild, who assisted 
in the examination of a large number of samples, to Dr C. B. Taylor, Fresh- 
water Biological Association, for helpful criticism, and to tho staff of tho 
Fisheries Experiment .Station, Conway. 
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576 . 8o9 73 : 576 . 852 . 2 (C diphtheria.) 

DIPHTHERIA PROPHYLAXIS : MODERN METHODS 
OF PREPARING AND ASSAYING PROPHY- 
LACTIC AGENTS, IVITH A NOTE ON THE 
ESSENTIAL NATURE OF TOXOID-ANTITOXIN 
FLOCCULES 

A F WATSO^, R A Tagoakt and G E Sha'H 
From the Evans Biological Institute, Eitncorn, Cheshire 

DiphthBeia prophylaxis is receiving increasing attention in this 
country at the present time An important aspect of the campaign 
IS the problem of the maintenance of snpphes of potent prophj lactic 
agents by laboratories entrusted with their preparation The 
experiences of one of these laboratories over a period of years in 
the development of methods of preparation of the different agents 
and in their biological assay by tests laid doivn in the regulations 
of the Therapeutic Substances Act (1931 and 1935) form the subject 
matter of this paper Experimental tvork on the essential nature 
of toxoid antitosnn flocoules — scientifically the most interesting of 
these agents — is described 

There are four prophylactic agents generallj av nilable for the immunwation 
of liuman beings again.'jt diphtheria 

F T {Jormol toxoxd) is the culture hitratc of the Park lUiams no 8 
strain of C diphthcrics, the specific toxicitj of wliicli has been suppressed 
by means of formalm anti heat From this formol toxoid the other tlu^e 
agents can be prepared 

APT {alum’prccipitatcd ioxoid) is a sabno suspension of the well washed 
precipitate obtamed bj treating formol toxoid with potassium alum 

T A.F {toxoid antitoxin Jloccules) is a saline suspension of the well washed 
flocculent precipitate obtamed bj treotmg formol toxoid with diphtheria 
antitoxm under defined conditions 

TAM {toxoid antitoxin mixture) is formol toxoid to which has been 
added a small amoimt of diphtheria antitoxm 

The following is a brief description of the methods of preparation 
and assay of F.T , A VT and T A F It is unnecessary^ to deal 
with TAM since it is doubtful if there is much justification for its 
contmued use 

Formol toxoid 

Tins IS made from culture filtrates of C diphtherice (the Park 
Wilhams no 8 strain) by treating them wath 0 3 0 4 per cent 
formalm and meubatmg at 38® 40° C until completely non toxic 
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Although tins toxoid has proved valuable for tho hypoi- 
iiiimumsatiou of horses, it is not always of sufficient potency for 
use in tho Jiiiman subject as judged by the standards laid dow n iti 
the regulations of the Tlierapeutic Substances Act of 1931 and 
1935 The following test, based on these regulations, has been 
used for assaying the immunising value of diplitheiia piophylactics 
» for clinical use 

An amount of tlio prophj lactic equivalent to one tenth of a human doso 
> IS injected mto moro than ten nhito or cream guinea pigs on two occn‘^^on '5 
Bcparatod by an mtenal of not more than four weehs The animals ar^ 
tested for immunity to diphtheria toxin three weeks after the second mjoction 
of tho agent, by tho intracutnnoous mjection of one test dose of Schick 
to\m If moTO than 25 per cent of tJio animals tested exjiibit a ponitiVQ 
Schick reaction, tho ngont is considered msufficientlj potent for admmistra 
tion to man 

For the purpose of interpreting the data in this paper, therefore, 
it may be taken that where 75 per cent or more of tho guinea pigs 
^ injected have become Schick negative, the prophylactic has been 
of sufficient potency to pass the test laid down m the regulations 
of the Therapeutic Substances Act 

The imirntnisincj lalues of diphtheria formal toxoids 
iihen tested on guinea pigs 

Whether or not a foimol toxoid mil pass tho jirescnbed potency 
test m guinea pigs cannot on our experience, be predicted fiom its 
Lf value as determmed by in vitro titration against diphtheria 
antitoxin Tins is shown in table II, wincli includes the anaijses 
and the immumsmg potencies of seven consecutive batches of F T 


Table II 

TIig analyses and immunising potencies of seven coneecutiie batches of 
diphtheria formol toxoid 


Vo of 
hatch 

Total 
solids 
(per cent ) 

pil 

If units 
l»cr c p 

Immuiibliig potencies after two Inicctions at 

Inti rx al of four w eeks 

(A) 

of 0 I c c of f T 

(B) 

DfOOjCc of APT 
made from 1 1 

IXrctntajK of Scluck negative anirasli three 
\icck3 after the second Injection 


1 9 

8 2 

IG 

100 

100 

2 

2 4 

8 1 

18 0 

77 


3 

2 7 

7 6 

IG o 

8S 

100 

4 

2 4 

8 6 

24 0 

60* 

93 


3 4 

8 5 

24 0 

50 

100 

6 

4 0 

8 G 

>> , 

20* 


7 

2 9 

8 7 

18 0 

64 

93 


A\ erage \ olume of formol toxoid per batch *= 100 1 
• Despite the failure of these i)atche« of FT to jia«8 the potency tcat in guinea pigs thej ga\e 
antitoxic sera of litres up to 1400 (no 4) and 19 j 0 (no 6) units per c c xihen used for the hyper 
immunisation of horses 

J0UE.V OF PATH —VOL im ® 
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Only two (nos. 1 and 3) out of the seven batches gave more than 
75 per cent. Schick-negative animals after two spaced injections 
each of 0-1 c.c. The remaining five F.T., with substantially higher 
Lf values, all failed to pass the guinea-pig test. The wisdom of the 
English authorities in framing the regulations of the Therapeutic 
Substances Act so as to insist on .animal tests rather than on 
in-vitro titrations, as in some eoimtries, has been amply confirmed 
in the present studies. In France for instance, nos. 2, 4, 5, 6 and 7, 
mth liigher Lf values, would have been considered superior to 
nos. 1 and 3, whereas the animal tests emphasised their lower 
immunising values. 

From five of the seven batches of formol-toxoid, includhig three 
which failed to pass the guinea-pig test, alum-precipitated toxoids 
were prepared by the method described below. All of these readily 
passed the test although the injected doses (0-05 c.c.) were onty half 
those of the F.T. This emphasises what of course has long been 
established, that A.P.T. under similar conditions of injection is of 
superior immunising value to the formol-toxoid from which it is 
made. 

Formol-toxoids 4 and 6 were used for the hyperimmunisation 
of horses. Despite their failure to pass the guinea-pig test, they 
produced antitoxic sera of titres up to 1400 (no. 4) and 1950 units ■ 
(no. 6), per c.c. 


Alttm-fbecipitated toxoid 

Sterile diphtheria toxoid, preferablj' of an Lf value of 15 or more units 
per C.C., is selected. Toxoid prepared from toxin which has a low total solids 
content, which flocculates rapidly with diphtheria antitoxia and which is 
rendered non-toxic after minimal treatment with formalin, probably provides 
the best type of product from which to prepare A.P.T. A pilot experiment 
for each batch of toxoid is carried out to determine the optimal conditions 
for precipitating the antigen with potassium alum. The latter is added 
in the form of a 5 or 10 per cent, sterile solution, the amount necessary to 
sec\u6 the maximum precipitation of Lf units being governed by the acidity 
of the ahun solution. By increasing the acidity of its solution in water, the 
percentage of alrnn necessarj^ can be kept low. The main batch of toxoid 
is subsequentlj’' precipitated under the determined optimal conditions. 
The white or slightly brown precipitate is washed two or tluee times by 
removing the supernatant liquid and replacing with sterile phenol-saline. 
If the use of alkaline saline is avoided and the sedimentation is carried out 
rapidly, the loss of Lf units at this stage is limited. The washed precipitate 
is suspended in sterile normal saline, preservative added and the volume 
adjusted for the time being to one-half or one-third that of the original 
formol-toxoid. Tin's allows the necessary' vohune adjustments to be made 
after the product has been assayed in guinea-pigs. 

T1i 6 immunising potencies of 12 consecutive batches of A.P.T., 
until the anatyses of the parent formol-toxoids, are shown in 
table III. The tests were carried out on samples where the volumes 
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■wcie first adjusted to tliose of the oiiginal formol-toxoid, so that 
in each case 1 c.c. of A.P.T. was equivalent to 1 c.c. of the formol- ' 
toxoid from which it ^\as made. 

T-ible in 


T/ic wiiiimttsinff pofencics of tueiie conscciitue batches of a/wwi- 
prccipitatcd toxoid, tcith analyses of the parent fonnol-toxoids 


, Formol toxoids 

Alum*prcclpitntcd toxoids 



pu 

Lf units 
percc 

Immunising potencies aCcr two Injections 
vtintcrv.'il of four weeks 

No of 
batch 

Tot.vl 
BOUds 
(per cent) 

(A) 

0 05 pnd 
OOSce 

(B) 

0 0^ and 

0 025 c c 

(C) . 

0 02 and 

0 05 c c 

(D) 

0 01 and 

0 03 c c 

Percentage of bchlck negatU c animals thrtc weeks 
after second Injection 

1 

1 9 

8 2 

IG 5 

100 




2 

9. 7 

7 6 

10 5 

100 




3 

2 4 

9 0 

19 5 

93 




4 

2 3 

8 8 

21 0 

100 




5 

2 C 

8 7 

19 5 

" 100 

82 



G 

3 4 

8 5 

24 0 

100 




7 

2 9 

8 7 

18 0 

93 




8 

2 6 

8 7 

15 0 



300 

C4 

9 

2 6 

8 7 

15 0 

10*0 


92 

50 

10 

32 

7 0 

12 0 

89 


71 


n 

3 0 

8 6 

13 5 

100 



20 

12 

2 8 

8 7 

15 0 

100 



38 


Average volume of fonnol toxoid per batch ** 75 I. 


Tlieso results emphasise the outstanding immunising potencies 
of A.P.T. Only 3 out of 134 guinea-pigs failed to become Schick- 
negative after two spaced injections of 0-05 c.c. of the different 
batches {i.e. half the doses employed for the formol-toxoids shown 
in table II). For human immunisation, the regulations of the 
Tlierapeutic Substances Act would consider that two spaced injec- 
tions each of 0*5 c.c., i.e, ten times the guinea-pig dose, of these 
A.P.T. would be adequate. In view of the desurability of limiting 
tlie size of the doses as far as possible, both from the point of view 
of economy and of minimising the chances of reactions, the effect 
of reducing the doses in the guinea-pig test was considered. In 
the only case where two injections each of 0*025 c c. were given, 
82 per cent, of the animals were rendered Schick-negative. In 
three cases where doses of 0*02 and 0*05 c.c. were given, 100, 92 
and 71 per cent, respectively became Scliick-negative. All four 
batches tested voth doses of 0*01 and 0-03 c.c. failed to reach the 
75 per cent. Scliick-negative level demanded by the official test. 
It ib possible from these results that most of the batches would 
have passed after two spaced injections of 0*025 and 0*05 c.c. ; 
this would make the human doses 0*25 and 0*5 c.c. respectively. 
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Toxoid -ANTITOXIN floccddes 

Sterile diplitlieria toxoid, preferably of Lf value 7 '5 or more units per c.c., 
is selected. As with A.P.T., toxoid prepared from toxin which has a low 
total solids content, which flocculates rapidly with diphtheria antitoxin and 
which is rendered non-toxic after minimal treatment with formalin at 
38°-40° C. probably provides the best material for making T.A.F. To this 
toxoid is added sterile diphtheria antitoxin, natural serum or (preferably) 
its concentrated globulins. The optimal conditions for doing this are not 
yet clearly defined. In practice a useful method seems to be to use very 
highly refined and concentrated globidins and to add a slight excess over 
that required for the most rapid flocculation with the particular toxoid. Tlie 
resulting floccules can be heated to 80“ C. (see below) without giving an 
imdesirable granular type of product, and the final T.A.F. is of high although 
possibly not of maximal immunising potency. Further work remains to be 
done in this field. The flocculation of the toxoid-antitoxin mixttues can be 
carried out at 50“ C. or at any lower temperature down to 5“ C. There is 
some evidence that, with fast flocculating mixtures, temperatures between 
5“ and 20° C. are preferable. 

The floccules are allowed to settle and are tlien waslied repeatedly imder 
sterile conditions with phenol-saline imtil all traces of colour have disappeared. 
They are then transferred to a pyrex glass flask, suspended in a small amount 
of sterile normal saline and heated to 80“ C. for 30 minutes. The volume 
of the heated floccule suspension is adjusted with sterile normal saline to a 
volume equal to one-tenth that of the original formol-toxoid. 

The inununising potencies of the floccule suspensions are tested on one, 
two or three batches each of more than ten guinea-pigs. Animals of the 
first batch are injected with two doses of 0-1 c.c., those of the second with 
two doses of 0'05 c.c., and those of the third with two doses of 0'025 c.c. 
The interval between the, injections is one month and all the animals are 
Schick-tested three weeks after the second injection. From the results 
obtained, the dilution of T.A.F. for human use can be decided. 

Table W 


The immunising potencies of twelve consecutive batches of T.A.F., 
with analyses of the parent formol-toxoids 


Formol-toxoids 

Toxoid-antitoxin floccules 

No. or 
batch 

Total 
solids 
(per cent.) 

pH 

Lf units 
per c.c. 

Immunising potencies after two injections 
at inten'al of four weeks 

(A) 

of 0-1 c.c. 

(B) 

of 0’05 c.c. 

(C) 

of 0*025 c.c. 

Percentage of Schick-negative animals three weeks 
after the second injection 

1 

2-1 

8-6 

16-5 

93 

71 


2 

2-6 

7-8 

16-5 

100 

60 

... 

3 

2-6 

8-9 

15-0 

92 

64 


4 


8-2 

7-5 

95 



5 

2-4 

8-2 

13-6 

100 



, 6 

2-5 

8-5 

19-5 

07 

... 


7 

2-5 

8-6 

10-5 

77 



8 

2-3 

8-7 

16-0 

100 

100 

ibo 

9 

2-6 

8-7 

16-5 

92 



ID 

2-5 

8-7 

19-5 

100 

82 


]j 

3-4 

8-2 

16-5 

100 

100 

... 

12 

. 2-5 

8-8 

15-0 

100 

100 

100 


Average volume of formol-toxoid per batch loO 1. 





DIPHTHERIA PROPHYLACTICS 


C9 


Tlie immunising iDotencies of twelv'o consecutive batches of 
T.A.F., \vitli the analyses of the parent formol-toxoids, are shown 
in table IV. 

Witli one excci)tion (no. G), all the batches passed tlie potency 
test at the O’l c.c. level ; 4 out of the 7 tested passed at the 0*05 c.c. 
level and both of those tested at the 0*025 c.c. level. In practice 
this means that, assuming the iiuiiian dose to be fixed at 1*0 c.c., 
then from 100 I. of formol-toxoid 10 1. of T.A.F. can be made if 
two doses each of 0*1 c.c. satisfy the guinea-pig test, 20 1. if two 
doses each of 0*05 c.c. are adequate, and 40 1, if two doses of 0*025 c.c. 
are sufficient. It is obvious that the immunising projierties of T.A.F. 
can be increased at will merely by limiting the volume of saline in 
which the floccules are ultimately suspended. This must always be 
taken into consideration wlien comparing the immunising value of 
T.A.F. Avith that of other antigens. 

The essential nature of toxoid-antitoxin floccules 

Since tlie demonstration by Hartley in 1925 that the washed 
floccules from foortn-antitoxin mixtures were antigenic, enormous 
quantities of this typo of product, now prepared from toxoid- 
antitoxin mixtures, have been used for the immum'sation of human 
beings against diphtheria. Scientifically it is the most interesting 
of the agents available for the purpose, and opportunities have 
been taken during the past few years to study its essential nature 
and to effect possible improvements in its preparation and 
immunising potencies. 

Early studies in this laboratory showed that the antigenic 
activity was not always confined to the floccules themselves but 
that, under certain conditions, the medium in wJiich they were 
sus 2 Dended became antigenic. If, for instance, suspensions of the 
floccules in neutral saline Avere filtered shortly after their preparation 
and before heating to 80° C., the filtrates shoAved, at the most, 
very slight antigenic activity. If suspensions of the unheated 
floccules Avere alloAA’ed to stand for long periods before filtering, the 
antigenic actiAuty of the filtrates sometimes increased slightly. If, 
however, the suspensions were heated to 80° C., even for short 
periods, the floccules were partially dissolved and the antigenic 
activity of the filtrates increased suddenly and considerabl}*. 

The solubility of the floccules and the activity of these “ anti- 
genic filtrates ” increased Avith the hydrogen-ion concentration at 
which the suspensions were heated. Maximum solubility and 
activity were usually reached at about pH 9*0. AboA’e this the 
floccules remained in solution but the actiAuty of the filtrates 
decreased and in highly alkaline solution Avas lost. 

Ramon et al. (1931) and Povitzky (1932, 1935, 1939) have 
shoAvn that if the floccules are freed from salt, suspended in distilled 

E 2 
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watpr and heated to 80° C., they are almost completely soluble 
and the filtrate is antigenic. Ramon et al. visualised the toxoid- 
antitoxin complex — ^the floccules — as brealdng do%vn on heating, ■vvitJi 
destruction of the heat-lahile antitoxin component and solution of 
the heat-stable antigen. If this conception were the correct one, 
it might reasonably be expected that the filtrates of the heated 
floccule solution would produce the typical flocculation phenomenon 
when mixed wth diphtheria antitoxin. 

If this essential confirmation could be obtained, these filtrates 
might be regarded as solutions of highly purified and con- 
, centrated antigen derived fi-om the formol-toxoid. They could 
be standardised in vitro to a desired Lf unitage and this might 
lead to new developments in the preparation of prophylactics 
for human use. Unfortunately mixtures of the ffltrates -with 
different types of unconcentrated and concentrated diphtheria 
antitoxic sera examined over a period of years in this laboratory 
have almost invarmhly failed to exhibit the specific flocculation. 
Recently, however, it has been found that this reaction is produced 
when the filtrates are mixed with the " enzyme digest ” t5T3e of 
liigld}'' concentrated serum similar to that described by Pope (1938, 
1939). This observation has facilitated investigations into the 
preparation, essential nature and immunising properties of the 
antigenic filtrates. The foUoiving is a brief description of some of 
the results that have so far been obtained. 


Optimal conditions for the preparation of an antigenic filtrate 

The recovery of Lf units in' the antigenic filtrate from the 
floccule solution after beating to 80° C. is dependent on the propor- 
tion of antitoxin used in the original toxoid-antitoxin mixtures. 
The following experiment illustrates this. 

Equal volumes of formol-toxoid of Lf value 16-5 units per c.c. were 
treated with varying amounts of concentrated diphtheria antitoxin. The 
resulting floccules were centrifuged, suspended in equal volumes of distilled 
water and heated to 80° C. for 30 minutes. The solutions were filtered and 
their Lf unitage measured by in-vitro titration. The experiment was repeated 
with a second formol-toxoid of Lf value 18-0 units per c.c. 

Pig. 1 shows the influence of the antitoxin content of the toxoid- 
antitoxin mixtures on the recovery of the Lf units in terms of 
the original toxoid. 

. The recovery of Lf units was co'mplete only when the antitoxin 
was wen in excess of that required to produce flocculation in the 
shortest time, i.e. at the so-called “ flocculation point ”. Recoveries 
were relatively low, both at this flocculation point and when the 
antitoxin was in considerable excess. 
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^larked purification of tho diphtheria antigen is effected by tliis 
method. In the present series, for instance, tho imrified products 
contained nearly ono hundred times as many Lf units per g, of 
dis&olvcd matter as the original crude toxoid. 



10 20 30 40 50 

I Units of antitoxin per c c of formol toxoid added 

' = toxoid antitoxin mixturca which flocculated in shorte'rt time 


Uio 1 — -The influence of tho antitoxin content of toxoid antitoxin mixtures on tho 
reco\ erj' of Lf units m terms of tho ougmol toxoid 

s 

T/ie essential nature of the filtrate 

The effect of heating the floccules from tosoid-antitoxin mixtures 
to 80° C. in buffered saline suspensions at varying degrees of 
alkalinity ivas studied in tlie following experiment. 

Equal volumes of tho floccule suspensions m thin-wnlled pyrex glass 
Lotties were adjusted to ciifTerent liydrogen*ion concentrations and heated 
in n vater-batli to 80® C. for 30 minutes. Tho solutions xvere then filtered 
and their content of Lf units measuretl by in-vitro titration. The re-'Ults are 
shown in fig 2. 

The solubility of the floccules and the Lf values of tho filtrate"? 
increased gradually vith pH to a maximum at pH 9’0. At higher 
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hydrogen-ion concentrations the floccules remained in solution, 
but noth increasing allcalinity the Lf activity diminished. The 
breaking down of the toxoid-antitoxin complex — constituting the 
floccules — ^into its antigen' and antibody components, the gradual 
solution of the antigen on heating as the alkalinity increased to 
pH 9-0 and then its slow destruction as the alkalinity increased 
still further, are well illustrated in this experiment. The results are 
in line with the conception that solutions of heated floccules owe 
their antigenic activity to the presence of highly concentrated and 
purified diphtheria antigen derived from the crude formol-toxoid. 


100 


90 


o 

w 


80 

70 

60 

50 

40 


30 



8»0 9»0 10.0 11.0 


pH at which heated. 


r' 


Fig. 2. ^The effect of heating the floccules from toxoid-antitoxin mixtures to 80” C. 

in buffered saline suspensions at varying hydrogen-ion concentrations on the 
recovery of Lf units in the filtrates. 


The immunising potencies of the filtrates 

The highly concentrated and purified diphtheria antigen — as 
represented by the antigenic filtrates — can be obtained in the 
form of water-clear or slightly opalescent solutions which flocculate 
udth antitoxin and contain mere traces of dissolved matter. These 
solutions can be standardised by in-vitro titration and in this way 
products of any desired potency can be obtained. An extensive 
series of animal tests would be necessary to determine whether the 
in-Autro measurements were any criterion of the immunising potency 
in guinea-pigs. Such measurements have been shoAra to be of no 
use for tliis purpose in the case of crude T.T. (see table II above). 
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It is possible, Iiowever, that the ijrcsenco of impurities in this 
product may influence the intrinsic activity of tlie specific antigen 
and that a relationsliip may emerge when, as in the case of the 
antigenic filtrates, these impurities have been removed or reduced 
to a minimum. This point is being investigated but meanwhile it 
would seem that solutions of the purified antigen containing 50 Lf 
units per c.e. are sufficiently” potent for human immunisation as 
judged by the test laid down in the regulations of the Therapeutic 
Substances Act. 

Quantities of 0*1 e.c. of a solution of purified antigen containing 100 Lf 
units per c.c. were injected mto 21 guinea*pig'* on two occasions separated 
by an interval of three weeks. Tlio animals weio tested for immimity to 
diphtheria toxin three weeks after tho second injection by the intraoutaneous 
injection of one test dose of Schick toxin. The experiment was repeated with 
two other solutions, one contammg 60 Lf units per c.c. (using 12 animals) 
and the other 50 Lf units (using 15 animals). 

TJiree weeks after the second of the two injections, all 48 animals 
were found to be Schick-negative. It may be, of course, tlmt 
solutions of these purified antigens containing less than 50 Lf 
units per c.c. will be adequate for the protection of human beings 
but extensive trials, both in animals and clinically, would be 
necessary to establish the minimum dose for tliis purpose. 

Discussion 

The potencies of diphtheria prophylactics for human im- 
munisation are safeguarded by the standards laid do'wn in the 
regulations of the Therapeutic Substances Act. It has been 
shown that these standards can be readily maintained in the case 
of alum-precipitated toxoid and toxoid-antitoxin floccules made 
from the “ low total solids ” type of formol-toxoid described. They 
cannot however be maintained so readily for F.T. itself. Despite 
its high Lf value and invariable usefulness as sources of A.P.T. 
and T.A.F. and for the hyperimmunisation of horses, the imtreated 
F.T. may, more often than not, fail to pass the guinea-pig test. 
Doubtless this is linlced up with the rate of absorption of the antigen. 
’With liquid agents of low total solids content, this may be rapid and 
sometimes too rapid for the antigen to exert its effect. When 
the absorption is slowed do%vn, as in the ca^e of A.P.T. made from 
the liquid agents, the antigenic effect is correspondingly increased. 
Broadly speaking, the ideal antigen is one which produces the 
maximum specific effect with the minimum of non-specific reactions. 
To attain the latter the amount of dissolved material in the 
prophylactic should be kept as low as possible consistent -with the 
retention of reasonable Lf value. This lias been accomplished in 
the present studies but only at the expense of limiting the number 
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hydrogen-ion concentrations the floccules remained in solution, 
but 'with increasing alkahnity the Lf activity diminished. The 
breaking down of the toxoid-antitoxin complex — constituting the 
floccules into its antigen and antibody components, the gradual 
solution of the antigen on heating as the alkalinity increased to 
pH 9-0 and then its slow destruction as the allcahnity increased 
still further, are well illustrated in this experiment. The results are 
in line with the conception that solutions of heated floccules owe 
their antigenic activity to the presence of highly concentrated and 
purified diphtheria antigen derived from the crude formol-toxoid. 



8.0 9.0 10.0 11.0 

at which heated. 


Fig. 2. — The effect of heating the floccules from toxoid-antitoxin mixtures to 80° C. 
in buffered saline suspensions at varying hydrogen-ion concentrations on the 
recovery of Lf units in the filtrates. 

The immunising potencies of the filtrates 

The highly concentrated and purified diphtheria antigen — as 
represented by the antigenic filtrates — can be obtained in the 
form of water-clear or slightly opalescent solutions which flocculate 
with antitoxin and contain mere traces of dissolved matter. These 
solutions can be standardised by in-vitro titration and in this way 
products of any desired potency can be obtained. An extensive 
series of animal tests would be necessary to determine whether the 
in-vitro measurements were any criterion of the immunising potency 
in guinea-pigs. Such measurements have been shown to be of no 
use for tliis purpose in the case of crude F.T. (see table II above). 
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solutions of this purified antigen are described. Those solutions 
have a high immunising value in guinea-pigs and ^undo^ certain 
conditions can be titrated in vitro against diphtheria antitoxin. 

Tlio authors are indebted to Mr H. F. ^Innnron and I^fr J. Chapman for 
technical assistance. 
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SOLITARY PLASMOCYTOMA OF BONE 

Rupert A. Willis 

Prom the Departments of Pathologif of the Alfred Hospital and the 
Unu'ersity of Melbourne, Melbourne, Australia 

(Plate III) 

The rarity of proven cases of solitary plasma-cell tumour of bone 
justifies the following report and review of previously recorded cases. 

Case report 

Clinical history. E S , a man of 45, was admitted to the Alfred Hospital 
on 3rd November 1939 under the diagnosis ** neuro syphilis ” He stated 
that in 1919 he had had a pemlo chancre and that nine months later paresis 
of the legs de\ eloped E\ er since then he had had foot drop, lus feet dragged 
ns he walked and he had constantly ii»ed crutche-s At times lie bad noticed 
clonus of the feet on standing, and ho tended to fall if iiis ejes were closed 
Ho had also had some intermittent trouble with urination, namely difficulty 
m starting and sliglit mcontmcnce if the bladder was overfull Apart from 
the foregoing symptoms, he had remained well imtil tliree months before his 
adroLssiQU, when, he began to suffer with apasuxodic attacks of pain in the 
back of tho neck. This became more continuous and se\ere end at times 
radiated up over the back of the head It was nggraiated by movement 
of the neck Examination on admission disclosed the following noteworthy 
physical abnormalities. All deep reflexes were exaggerated, the plantar 
reflexes were extensor in type and the suj>erficial abdominal reflexes were 
absent. Ixnee and ankle clonus were present and the legs spastic but with 
fair power. AU kmds of sensation in the lower limbs showed some impair- 
ment Tliere was no neck rigidity Near the base of the glans pents there 
was a scarred area with some pigmentation The blood Wassermann was 
negative. Two day’s after admission pyrexia up to 100 G® F appeared On 
7th November total paralysis of the legs and arms developed and the patient 
died on the following day’. 

Autopsy findings. In the thoracic and abdominal viscera the 
only noteworthy abnormalities were extensive bronchopneumonia 
of the left lung with early empyema, purulent urme and general 
congestion of the viscera. The head was unusually movable on 
the spinal column and, on looking down through the foramen 
magnum after the brain had been removed, it was noted that tho 
skull and atlas could be displaced forwards, backwards or sideways 
on the subjacent vertebrie, with almost total obliteration of the 
spmal canal. As a result the lower part of the medulla oblongata 
and the upper part of the spinal cord had been crushed., A lateral 
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radiogram (fig. 1) revealed an extensive destructive lesion of the 
entire second cervical vertebra and on dissection the body, dens, and 
neural arch were aU found to be largely replaced by soft friable 
hasmorrhagic tissue. Sections of the remaining vertebrae, the skuU, 
ribs, sternum and shaft of the right femur failed to reveal any 
other bony lesion. 

Histology. Bony tissue was very scanty, being represented only 
by occasional isolated trabeculae in the substance of the growth and 
by an incomplete shell of thinned cortex at parts of its periphery. 
Where no peripheral bone was present, the growth infiltrated the 
surrounding ligaments and muscles. Areas of haemorrhage and of 
fibrosis were plentiful in the tumour, associated in places with 
collections of foam cells and pigment-laden phagocytes, while 
occasional foreign-body giant cells were present near areas of haemor- 
rhage. The essential tumour tissue (figs. 2 and 3) consisted of large 
or small areas of typical plasma cells averaging about 10-12 in 
diameter, each with an eccentric nucleus with a characteristic 
chromatin pattern and abundant cytoplasm sometimes visibly 
differentiated into two 2 ones. A few large multinucleated cells of 
the same type were present. Mitotic figures were very scanty. 

Discussion 

Interpretation of the case reported. 

The case was clearly one of almost total plasmocytomatous 
replacement of the second cervical vertebra -without demonstrable 
involvement of any other part of the skeleton. The nature of the 
disease was not suspected during life and there is no record of the 
results of tests for Bence-Jones proteose in the urine. Although 
radiograms of the entire skeleton were not obtained, the dehberate 
search for multiple skeletal lesions made post mortem leaves little 
doubt that the vertebral gro-wth was a sohtary one. 

The case is of interest as regards the possible duration of the 
tumour and its relationship to the symptoms from which the patient 
suffered. It is clear that the finally complete paraplegia was due 
to the tumour, and in retrospect it seems highly probable that the 
spastic paresis of the legs dating from 1919 was also due to mild 
compression of the cord by the tumour. Although the history 
suggested a diagnosis of neuro-syphilis, the negative Wassermann 
test and the absence of any post-mortem findings suggestive of 
nervous syplulis serve to eliminate tliis possibility. The long 
duration of the paretic symptoms — 20 years — is not incompatible 
with the view that the tumour was the causative agent, since several 
other of the recorded cases of solitary plasma-cell tumours reviewed 
below were, also knovm to have been present for many years. It 
seems very probable then that the tumour had indeed been present 
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Fio I — -Lateral radiogram of conical spino after post mortem removal 



ric 2 • — Photomicrograph of paraffin section Fic 3 — Section of tumour tissue stamod by 
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for this long period, and had all along been the cause of the paresis, 
vliich finally became comxileto and ended fatally A possible 
causative rolationslup of pro\ ions sj'phihs to the plasma cell grow tli 
is too indefinite to dcser\ o more than iiassing mention In jneviousl} 
reported cases of plasma cell tumour, syphdts has not been lecoidcd 
as an antecedent 


Renew of prciiotfs records 

Solitary plasma cell tumours of bone aio rare , less than a score 
of cases in ^vhlch this diagnosis can be accejited lia\e been reported 
The lesions of myelomatosis often consist of plasma cells , and 
clearly, before mahing a diagnosis of solitary plasma cell tumour 
there must be strong evidence that the case in question is not one 
of myelomatosis vith one tumour clinically consxucuous nt an carh 
stage of the disease Acceptable chmeal evidence is afforded if 
complete, competent and, if necessary, repeated radiographic 
o\amination of the entire skeleton fails to disclose more than the 
one lesion, and if a long period elapses after imtial diagnosis and 
treatment Anthout signs of tho development of further lesions or 
the appearance of Bence Jones proteosuna In fatal cases, proof 
of tho solitary nature of tho tumour is afforded by adequate post 
mortem examination In tho following review an attempt will be 
made to distmguish cases for which there is good evidence of tlie 
sohtary nature of tho tumour from those which fail to meet these 
requirements 

Probably tho first clonr ca«o of sohtnrj pln'nna coll tumour of bone to be 
recorded was that of Shaw (1923) Tlio patient was n man of 29 with a 
pathological fracture of tho middle of tho shaft of tho humeriLs Radiograms 
of the rest of the skeleton failed to rev cal anj otlicr lesions Tests for Bence 
Jone^ proteose ■\\ ere negative and, according to Cutler ct al (103G), tho patient 
was ah\o without signs of reciurence nine jears later 

In 1924 Walthard reported a cnee of plasma cell tumour of tlio se\enth 
cervical and first thoracic ^ ertebne with compression of the spmal cord m 
a man of 55 SjTnptoms had been present for ten months piior to operation 
The patient died following laminectomj and at autop-»j no lesions were 
found m any other part of the skeleton 

Zdan.skj (1927, quoted by Cutler ct al) described a case of plasma cell 
tumour m the upper third of the femur m a woman of 68 who had had pain, 
for one jear and ^^ho died soon after a pathological fracture Radiograms 
of other parts of the skeleton and post mortem exammation failed to re\eal 
nnj other tiunours 

A plasma cell tumour of the neck of tho femur m a woman of 66 was 
reported by Martin et al (1928) Bence Jones proteosuna was not present 
The patient remained well over two j ears after amputation 

In 1929 30 Rogers reported a case of plasma cell tumour of the shaft of 
the femur with pathological fracture in a man of 34 Radiograms failed 
to reveal lesions in any other bones and the urine did not contain 
Bence Jones proteose According to a personal letter''from Professor Hej 
Groves to Cutler et al , the patient remamed well and without any signs of 
generalisation four years after amputation 
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this tumour has been mistaken for endosteal sarcoma and for 
giant-cell tumour, and it can also readily simulate the appearances 
of a metastatic growth. 

Prognosis : the possible risk of generalisation 

Eegarding prognosis, we must ask what risk is there of a 
plasmocytoma initially solitary according to the above criteria 
being succeeded by generalised myelomatosis. Certain recorded 
eases require comment in this respect. In 1934 Peyton reported 
the case of a man of 49 who, foUouang symptoms of one year’s 
duration, was found to have a plasma-cell growth of the sixth dorsal 
vertebra. Radiograms of the rest of the skeleton were not obtained 
flit this time and the urine was not tested for proteose. After 
operation and radiation treatment he improved, and 18 months 
later general radiograms showed no other tumours. At this time, 
however, proteosuria was present, and the patient died with 
generahsed disease of the skeleton two years later (Cutler et al.). In 
this case there must remain some doubt as to the solitar}^ nature 
of the growth from the beginning. At the time operation was 
'performed no evidence was obtained that the tumour was indeed 
solitary, and the later failure to reveal other bone lesions by radio- 
grapliic examination at a time when proteosuria was present appears 
contradictory. A second case reported by Pe 5 d;on and included 
as no. 13 in the review of Cutler et al. was clearly generahsed from 
the outset. In Bloodgood’s case of plasmoc 3 doma of the clavicle, 
reviewed by Cutler et al. as no. 11, proteosuria was discovered soon 
after operation and a rib lesion was detected radiographically two 
months later. Clearly this case also must be regarded as one of 
myelomatosis from the beghming, with a clinically precocious tumour 
in the clavicle. In case 14 of Cutler et al. — one of plasma-cell 
growth in the femur of a man of 56 — radiograms of other bones 
failed to reveal other lesions, and proteosuria was not present ; 
but death with generahsed disease and proteosuria occurred less 
tKan three years later. In this case the interval between tlie original 
diagnosis and the development of demonstrable generahsation is 
nri kn own and there must remain some suspicion that the case was 
all along of generahsed nature vath early prominence of the femoral 
'tumour. In case 15 of Cutler et al., an interval of only 9 months 
elapsed between initial diagnosis and the discovery of 'gross 
generahsation; and their cases 19 and 20 also were clearly 
generalised from the outset. In a case of vertebral plasmocytoma 
described by Espersen (1934), the patient remained apparently 
well for one year following operation and radiotherapy, but radio- 
grams then showed involvement of two other vertebrae and a rib. 

In none of these cases then is there completely convincing 
evidence that the tumour first diagnosed was indeed solitary. It 
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is important to realise that in cases of myelomatosis small scattered 
foci may easily escape radiograpliic detection and that an initially 
prominent tumour might easily appear to bo a solitary one mitil 
others become unmistakable in radiograms, perhaps only some 
months later. Since radiograms are not often repeated at frequent 
intervals, discovor^^ of generalisation by this means must often be 
delayed for weeks or months. Bence-Jones proteosuria must be 
looked upon as e'vndonco of extensive involvement of bone marrow 
in spite of negative radiogi’apliic findings. 

To distinguish between a clinically and radiologically precocious 
lesion of multiple myeloma and a truly solitary plasmocytoma it is 
essential that the following rules, suggested earlier in this j’aper, 
should be adhered to : — (a) highly competent radiograpliic examina- 
tion of the entire skeleton, including the skull, should be obtained, 
and if the lesion then appeare to be solitary tliis examination should 
be repeated in G montlis time, and again in a year ; {h) the urine 
should be examined for Bence-Jones proteose at frequent intervals 
during this period. If thorough radiographic examination one year 
from the date of tentative diagnosis is unequivocally negative and 
proteosuria has been regularly absent, it is improbable that signs of 
generalised myelomatosis will appear later, and the tumour may be 
diagnosed with reasonable certainty as a solitary one. 

The pathological relationship of soliiary and generalised 
plasma-cell tumours of bone 

The question arises, are solitary plasmoc}doma and multiple 
plasma-cell myeloma two unrelated pathological entities or are they 
variants of a single tumour type ? The number of thoroughly 
studied cases of apparently solitaiy tumours is as yet too small to 
permit of certainty, but the following facts are significant. 

(а) A pdasmocytoma of bone may exist as a solitary growth for a 
very long period. In several of the recorded cases there has been 
clinical evidence of the presence of the tumour for a number of years 
prior to its discovery or treatment, e.g. m the case reported in this 
paper for probably 20 years. Other tumours, which have caused 
few or no symptoms prior to pathological fracture or other complica- 
tion, have nevertheless had the hulk and other characters of well 
established grovdhs of considerable age. The mitotic activity of 
plasmocytomas is not great and buUcy tumours {as many of them 
are) must have been present for long periods prior to the fiist 
appearance of symptoms. Again in some cases the 'patients have 
been kept under observation for many years after initial diagnosis 
and treatment and no further lesions liave appeared. 

(б) Cases of multiple myclomaj if adequately investigated, usually 
have demonstrable multiple lesions early in the course of the disease. 



84 


R. A. WILLIS 


The great majority of the cases conform with the classical picture 
of extensive and progressive affection of bone marrow, mth 
multiple fractures, leading to a cachectic state and death within 
a few years. Initial simulation of a solitary lesion for a long 
period is very unusual, and, as our review above shows (p. 82), 
even in those rare cases in wliich a supposedly solitary tumour has 
been followed later by generalised disease, the evidence that the 
tumour was initially solitary is often inconclusive. 

On the one hand, then, it is certain that a plasmocytoma of bone 
may remain solitary for many years, and, on the other, that the 
generalised character of myelomatosis is usually obvious from an 
early stage of the disease. This sharp contrast strongly suggests 
the existence of tAvo distinct types of growth. Moreover, contrary 
to the contention of Cutler el al. that generalisation takes place 
by metastasis, most competent pathologists share the view that 
myelomatosis is in its nature a generalised or systemic disease of 
the marrow and that metastasis plays no part in its development. 
If Ave believe that generalisation occurs by metastasis from an 
initial solitary focus we Avill look upon solitary plasmocytoma and 
myelomatosis as essentially related. If, hoAvever, Ave adhere to the 
much more probable vieAv that myelomatosis is a system disease, 
then solitary plasmocytoma must be looked upon as a separate and 
distinct entity. 


SUMftURY 

1. A case is described in AAdiich autopsy revealed fatal compression 
of the spinal cord due to a solitary plasmocytoma of the second 
cervical vertebra. The history suggested that the tumour had been 
present for at least 20 years. 

2. Previously reported examples of solitary plasmocytoma of 
bone are reviewed. Thirteen cases are accepted as certainly solitary ; 
in a number of other possible cases there AA'as some doubt as to the 
solitary nature of the groAvth. 

3. Solitary plasmocytoma occurs chiefly in middle age and men 
are affected more often than Avomen. Pathological fracture is 
frequent. Radiograms show a central rarefying lesion Avhich has 
often been mistaken for endosteal sarcoma or for giant-cell tumour. 
Diagnosis requires (a) exclusion of the possibility of generalised 
myelomatosis and (6) exploratory operation and microscopical 
identification of the tissue. 

4. Solitary plasmocytoma is probably a distinct entity and not 
merely an early localised stage of myelomatosis. With adequate 
surgical or radiation treatment, the prognosis is good. 

I am indebted to Dr J. F. Cliambere for access to the clinical records of 
the case reported. 
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THE TOXINS PRODUCED BY CLOSTRIDIUM 
WELCHII IN A SIMPLE MEDIIDI 

A. Wilson Taylor and James Stewart 
^ From the Moredun Institulef Gilmerlon, Midlothtan 

The experiments described below ware designed in an attempt to 
l)roduce the toxins of the Cl. welchii group of organisms in a simple 
medium containing no animal tissue. 

Since the demonstration bj’ WiMon (1931) and Glenny ct al. (1933) of 
the multiplicity of toxins produced bj' the Cl. xielcim group, several workeis 
have studied the influence of different factors on the production of toxms 
The subject was reviewed in detail by Dalling and Ross (1938). who vised 
meat infusion broth containing peptone and the mmeed horse mu-clo used m 
tho preparation of the broth They showed timt tlie production of toxin 
by tho different types of Cl iulckn was influenced not oulj' by tlio period 
of incubation but aKo by tho proportion of meat particles present and by 
the pH of tho medium. In this Institute, despite tho cmplojTnent of an 
identical tecliniquo and a similar pH (7 6 7 8 ) in the preparation of each 
batch of meat broth medium, great variation m individual batolics, as 
gauged by tho toxin production of Cl ttclchn type B, led us to investigate 
the possibilities of a simplified medium Tho classification employed through- 
out this paper is that devised by Wilsdon (1931, 1932-33) Sub-sequent 
literature on this subject has been reviewed m detail by McCoy and jMcClimg 
(1938). 

Several attempts to obtam growth in media containing only 
salts and glucose were unsuccessful. Finally, by the addition of 
casein and glucose to a solution described by Scott (1930) containmg 
only salts and iveptone, a vigorous grow'th of Cl. loelchii was obtained 
•udtiiout the use of special anaerobic methods. 

Metthods 

Medium. Tlio composition of the medium was as follows. 


“ Bacto ” peptone . . . . 7-5 g. 

Ca&ein .... . 7 5 „ 

Potassium bicarbonate (KHCO3) • 0 25 „ 

Ammonium dihydrogen phosphate (NH 4 H 2 PO 4 ) . 0*3 „ 

Disodiumliydrogenphosphnte(Na2HP04.12H20) 0 85 „ 
Iron ammonium citrate . . . .10,, 

Glucose ..... . . 5*0 „ 

Tap water . . .... 500 ml. 


Sterili-ation was at first effected by steaming for one hour on each of three 
successive days, but it was subsequently found that twenty minutes at 15 Ib. 
m tho autoclav’o liad no adverse effect and this method was adopted. 

87 
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Cultures. The following strains of Cl. welchii were used. 

Type A. N.C.T.C. 26, obtained from Professor Balling in 1935, and 
B. 14/3, isolated from the intestinal contents of a normal bovine in 1939 
(Taylor and Gordon, 1940). 

Type B. These were isolated in this Institute from natural cases of lamb 
dysenterj^, 36/8 in 1936 and 4228 and 4229 in 1940. In a suitable medium all 
were capable of producing type D toxin as well as tj^ie C. 

Type C. 993, 878 and 11 A (Montgomerie and Rowlands, 1936), and 
W 49, received from Dr R. F. Jlontgomerie in 1937. 

Type D. 35/4, isolated from the small intestine of a horse in 1935, and 
36/2 and 4265, isolated from cases of “ pulpy kidney disease ” of lambs in 
1936 and 1940 respectively. 

Antitoxins. Tj^pe A (N.C.T.C. 26), type B (Adra) and t 5 '-pe D (35/4) 
have already been described by Taylor (1940) and Taylor and Gordon (1940), 
while supplies of type C (R 3589) were available tlu'ough the comtesj' of 
Dr O’Brien of the Wellcome Research Laboratories. 

Mixtures of toxin and antitoxin were kept at laboratory temperature for 
at least 30 minutes before inoculation into mice of 20-24 g. Cultm'e fluid 
for these tests was obtained b 5 f centrifuging whole cultmes for 30 minutes at 
3000 r.p.m. Dry toxin was prepared from British Berkefeld-candled cultiuo 
fluid by precipitation with ammonium sulphate and drjdng in vacuo over 
CaCU. For use, 100 mg. of drj' toxin were dissolved in 5-0 c.c. of normal 
saline. 


Results 

Eveiy strain of Cl. tvelcMi examined greiv readily in the medium, 
which was clotted and disrupted by gas as in the “ stormy clot ” 
fermentation of milk medium. The organisms died out rapidly at 
37° 0 . ; subcultures could be obtained after 3 but not after 5 days 
at that temperature. 

Daily subcultivation of representative strains of all four types of 
Cl. welcMi over a period of 105 days resulted in no change in the 
type or toxicity of the strains on their transference to meat broth 
medium. 

Toxin 'prodnclion 

Type A. Both cultures grew vigorously, but neither produced 
readily detectable toxin. One-half c.c. of culture fluid was non- 
lethal to mice, but two guinea-pigs inoculated intramuscularly with 
0-5 and OT c.c. respectively of an actively growing culture of 
N.C.T.C. 26 died overnight with typical gas gangrene. In meat 
broth medium, the M.L.D. of each strain for mice was 0-025 c.c. 
of culture fluid. 

Type B. The M.L.D. for mice of culture fluid of each strain 
remained fairly constant at 0-005 c.c., while in meat brdth medium 
it varied from 0-001 to 0-005 c.c. Toxin-antitoxin tests showed the 
toxin present to be type C, as even after four days’ incubation 
it was still neutralisable by type C as well as b}'- type B antitoxin. 

Type C. With two of the strains — 993 and 828 — the M.L.D. 
of the culture fluid from meat broth medium was 0-05 and 0-01 c.c. 
respectively, whereas 0-1 c.c. of that from the special medium Avas 
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non lethal to mice The tw o remaining strains — 1 1 A and W 49 — 
Iiroduced in meat broth a to\m inth aSILD of 0001 and 0 0005 c c 
respectivolj , in the special medium the culture fluid ivas lethal in 
doses of 0 01 and 0 005 c e The toxin present was shou n to be 
t} pe C by toxin antitoxin tests 

Type D Pioduotioii of toxin by these organisms v, as uncertain 
Straui 35/4 nas invariably non toxic in a dose of 0 5 c c of culture 
fluid, but 30/2 and 4265 were occasionally lethal in similar amounts 
and the toxui present uas shomi to ho type D On these occasions, 
toxin production did not appear to be gieatly influenced by the 
period of incubation, while culture fluid from all tliree strains m 
meat broth medium incubated for four days iias letlial to mice 
111 doses of 0 0025 c c 

These results a ere repeated and confirmed on numerous occasions 
Toxin antitoxin reactions 

These were determmed by the intravenous injection of mice 

Dry toxins n ere precipitated from cultures groivn m the special 
medium, and, uith these, antitoxins vere prepared m rabbits 
These are designated as m table I, m which the prefix “ S ” denotes 
a toxin prepared m the special medium and a final “ A ” m the prefix 
denotes an antitoxin, the intervening letter mdicating the tjpe 
The table also shous the mmmial hiemolytic dose of each drj 
toxin, namely the amount roqmred to produce 50 per cent hiemo 
Ij SIS in 1 0 c 0 of a 6 per cent suspension of sheep red blood cells 


TABtJe I 

Designations and activity of toxins and antitoxins used 


Culture 

Toan no 

M t D for mice 

MED 

Vntltotm no 

Tj-p© A 

X C T C 20 

S-V 27340 

Xoa toxic 

10 mg 

S AA 
151040 

Tvp© B 

36/8 

SB 26140 

0 02 mg 

>20 , 

S B A 
24740 

Tj-poC 

W40 

SC 20240 

0 1 „ 

>:;o , 

SC A 
2o740 

Tj'po D 

36/2 

SD 28340 

Non toxic 

>20 „ 

SDA 

141040 


Dry toxins precipitated from meat broth culture fluid n ere also 
used The type A, N C T C 26 (toxm A 91137), type C, W 49 (toxin 
C 11138) and type D, 35/4 (toxin D 23636) toxins have already been 
described by Gordon el al (1940) , the M L D for mice were 0 6, 
0 02 and 0 004 mg respectnely The type B toxm (B 18/18636) 
u as prepared from a culture of several strains meubated for 1 8 hour» , 
the M L D for mice was 0 02 mg 
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Tabl 0 II shows tlie results of toxin-antitoxin tests betiveen sei'a 
and toxins prepared both in meat broth and in the special medium. 
i\Iany of the figures given are approximate, having been calculated 
from the amount of antitoxin required to neutrahse 10 or 100 
mouse lethal doses, and are presented thus merely for the sake of 
uniformity in comparison. Repetition of these tests gave a similar 
result on each occasion. 

Table II 


Number of mouse M.L.D. of each toxin neutralised by 0-1 c.c. 
of each antitoxin 





Toxin 


■■ 

Antitoxin 

Tvpc A 
A 01137 

Type B 
SB 2C140 

Type B 
B 18/1863C 

Typo c 
sc 20240 

Type C 

C 1113S 

Type D 

D 23G3C 

Tvpo A 

“S.A.A. 151040 . 

0 

0 

0 

0 

0 

0 

Type A 

N.C.T.C. 26 

250 

0 

0 

0 

0 

0 

Type B 

S.B.A. 24740 . 

2 

250 

250 

250 

250 

15 

Typo B 

Adra 

20 

3300 

3300 

3300 

3300 

330 

Tvpo C 

S.C.A. 23740 

3 

250 

250 

250 

250 

0 

Typo C 

R. 3589 . 

10 

1000 

1000 

1000 

1000 

0 

Tvpo D 

■S.D.A. 141040 . 

10 

0 

0 

0 

0 

10 

T^■pe D 
'3.7/4 

100 

0 

0 

0 

0 

1100 


Culture fluids SA 27340 (tj-pe A) and SD 28340 (typo D) -wore also tested 
but wore non-lethnl for mice. 


It is shown in table II that of the two non'toxic precipitates 
obtained from cultures on the sunple medium, one, t}^^ A, 
S.A. 27340, was non-antigenic in that its “ antitoxin ”, S.A.A. 
151040, was uacapable of neutralising 1 M.L.D. of a true tj-pe A 
toxin- (A 91137), while the other, tjqje D, S.D. 28340, stimulated 
the production of true tjqie D antitoxin, S.D.A. 141040, which 
was capable of neutralising both tjqje A and type D toxin. T 5 qDe B 
toxin S.B. 26140, Avhich by the “ mouse intravenous ” test was 
that of tjqie C, produced a true tjqie B antitoxin capable of neutralis- 
ing the toxins of all four tjqjes, Avhile type C toxin S.C. 20240 also 
crave rise to a true tjrpe C antitoxin. 

O 
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The effect of enzymes on toxin production 

Bosworth and Glovor (1934-35) showed tliat the apparent toxicitj- 
of tjiio D toxin was greatly increased Jjy the addition of trypsin, 
and more recently Calling and Boss (1938) have found that trypsin, 
when added to medium in which type B is grorni, permits of the 
production of t5'pe D toxin only. 

The addition of trj-psin to the special medium was also found 
to affect toxin production by types B and D. If trypsin were 
added before inoculation and incubation with tj^pe B strains, only 
tj-pe D toxin developed. If after overnight incubation of type B 
strains, when only tj-pe C toxin could be demonstrated, trypsin 
were added and incubation continued overnight, tj-pe I) toxin was 
formed in considerable amount, while the tj-pe C toxin was no 
longer detectable. 

In the special medium the culture fluid from Cl. welchii tj-pe I) 
was only occasionally toxic in a dose of 0-5 c.c. After the addition 
of tiyTisin to the medium, however, cultures were regidarly lethal 
to mice in a dose of 0-005 c.c. This effect was produced after over- 
night incubation when the trypsin was added to the medium at the 
time of inoculation, but when incubation was prolonged for four 
days the toxicity was greatly decreased. 

A similar but less marked effect was also obtained by the use 
of pepsin, but may in fact have been due to impurity. 

The addition of trypsin to a solution of dry type B toxin 
SB 2G140 resulted in its being converted to type D ; similarly, 
trypsin converted the ordinarily non-lethal D precipitate SD 28340 
into type D toxin. 

The effect of trypsin as noted above was repeated and confirmed 
on several occasions. 

The influence of pH upon toxin production 

It was found by Bailing and Ross that the pH of cultures of 
both types A and B in moat broth medium fell from 7-5 to G-5 
or G-0, but after a few days that of type B cultures rose towards 
the original level. They also found that type B toxin was not 
formed at pH 5-0 although the toxin production of types B and C 
was apparently not affected by this degree of acidity. 

Buring incubation with any of the four types of Cl. welchii, 
the pH of the special medium fell rapidly from 7-4-7-G to 4-8-5-2, 
and it was thought that this fall might conceivably* be the factor 
inliibiting the production of types A and B to.xin. Accordingly, 
the foUorving experiments were performed. Four paii-s of flasks, 
each flask containing 300 c.c. of the special medium, were steamed 
for 40 minutes and cooled. Each pair was then inoculated with 
approximately 5 c.c. of actively* growing culture of one of each of 
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Ad. = pH adjusted as described in text. Co — j • 

V.O. _ unadjusted during growtii (control). 

JI.li.D. expressed as c.c. of culturo fluid. 
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the four types of Cl uelch%i and incubated at 37® C After 4, 8, 
12, 24, 48 and 96 hours’ incubation, samples -were \Mthdra%\n from 
each flask for examination After the AMthdrawal of each sample 
the pH of one of each x>an‘ raised to 7 C 7 8 by the addition 
of NaOH The results obtained are recorded m table III This 
experiment u as earned out m duplicate w ith a similai result 

These experiments s1ioa\ that t 3 'pe A, e\en during active grouth, 
produced no toxin detectable by the intravenous inoculation of 
mice After eight hours’ incubation typo B is relatively more toxic 
m adjusted medium, but it is less toxic after twelve hours, and 
although on further incubation the toxicity increases, it does not 
attain the level of that of the unadjusted (control) medium The 
toxin formed in the control medium, however (tested by the mouse 
intravenous method only), is type C, while in adjusted medium 
it IS at first type C, then for a short period type B, then after tw entj - 
four hours type D The toxin of type C is also developed more 
rapidly and in considerably greater quantity m adjusted medium 
than m the control Tyiie D produces no detectable toxin m the 
control medium, but in the adjusted medium a gradually increasing 
quantity of toxin becomes demonstiable and reaches a maximum 
after foui days’ incubation 

Discussion 

In the simple medium desenbed above all four types of 
Cl tulcJm grow readily, but the methods employed — mtravenous 
inoculation of mice, tests for the presence of luemolysin and 
preparation of antitoxin — have been unable to detect the presence 
of any appreciable quantity of type A toxin 

Type B produces a potent toxin w'bich, when tested by the 
mouse mtravenous ” method alone, is apparently type C , its 
antitoxin, however, is showm to be that of a true type B m that 
it neutralises the toxms of types A, C and D (table II) That 
type D antigen is present m cultures of type B has been further 
shown by the addition of trjqisin to the medium or by the artificial 
maintenance of the pH of the cultures, both of which methods 
permit of the formation of readily detectable type D toxin 

Toxin production by type C is also affected by the mamtenanco 
of pH, the toxin formed being as much as ten times greater in an 
adjusted medium 

Cultures of typo D m the medium produce no toxin detectable 
by the mtravenous inoculation of nuce, but type D antigen is 
evidently present, as antitoxin prepared agamst dried material 
precipitated from culture fluid neutralises the toxms of t 3 rpes A and 
D (table II) Cultures are affected similarly to those of type B hj’’ 
the addition of trypsin or by the artificial maintenance of the pH, 
as both these procedures permit the detection of tjqie D toxin 
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There is therefore some appreciable difference between the 
toxigenic requirements of Cl. welchii type A and those of the other 
members of the group.. Some factor, present in meat broth but 
not m the simple medium and not associated either with the 
enzyme tryiosin or Avith the hydrogen ion concentration of the 
medium, is necessary for the formation of toxin by type A. 

Stimmary 

A simple medium consisting only of peptone, casein, salts and 
water is described in AAdiich organisms of the Cl. welchii group grow 
readily. 

No toxin lethal for mice is produced by types A and D in this 
medium, but potent toxin is formed by types B and C. 

The addition of trypsin permits of the production of type D 
toxin by types B and D. A similar effect is obtained by the artificial 
maintenance of the hydrogen ion concentration of cultures at or 
about pH 7-6 during groAAdh. 

The significance of these findings is discussed. 

We are indebted to Dr R. A. O’Brien for antitoxin, to Professor T. Balling 
and Dr R. F. IMontgomerie for cultures and to the director of this Institute, , 
Dr J. Russell Greig, for his continued interest in this work. 
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m- VITRO PRODUCTION OP TOXIN PROM STRAINS 
OP CL. WELCHII RECENTLY ISOLATED PROM 
WAR WOUNDS AND AIR RAID CASUALTIES 

JImiiEL Robertso'j and James Keppie 

From the Lister Institute and the Listitiitc 
of Animal Pathology^ Cambridge 

The occunenco of Cl udcJin 111 wounds m whicJi there are 110 
symptoms of gas gangrene has often been observed This lias led 
to the assumption that many Cl uelchii strains are atoxic It 
seemed therefore opportune to investigate tins matter with the 
material afforded bj the present war It should bo understood 
that the aim of tiu*! work was to correlate the m vitio capacitj of 
the strain to produce soluble toxin with its m vivo pathogemcit} 
as illustrated by the general nature of the case from which it was 
isolated The potency of the fluids produced was viewed therefoie, 
not from the quite artificially exacting standard of the seium 
maker, winch has too long dominated our understanding of Cl 
xulchxi toxin, but from the standpoint of measurable toxicitj in 
relation to the recent clinical behaviour of the organism 

The study of Cl welchii toxin has hitherto been carried out with 
a very small number of strains chosen in all cases onlj for thou 
high toxin producing capacity and the methods have been adapted 
to these particular strains It should bo kept in mind that tlie 
species Cl uelchii (type A, gas gangrene) includes a group of 
orgamsms whose identification is based on sunilarity in morphologj 
and gross cultural reactions and on a broad coriespondence in tlie 
toxin complex produced, wlule the somatic bacterial antigen 
appears to be so variable as to bo strain specific (Heiideison, 1940) 

Material and siethods 

Twenty six strains have been m\estigated and we are much indebted to 
Professors A A Mile>», J McIntosh and A Fleming, Drs ETC Spooner, 
J Miimy and J C Colbeck of the Emergency Medical Service and Dr Luc> 
Wills of the Royal Free Hospital, who isolated the organisms from their 
cases and provided the climcal hi'stones This \erj valuable co operation 
formed the basis of the mv estigation 

It will be seen in tlie sequel that the material came fiom ease^ of verj 
diverse types and a clinical arrangement of the strains into three groups 
m accordance v. ith their origin, was made 
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There is therefore some appreciable diiference between the 
toxigenic requirements of Gl. loekhii type A and those of the other 
members of the group.. Some factor, present in meat broth but 
not in the simple medium and not associated either with the 
enzyme trjqisin or u'ith the hydrogen ion concentration of the ' 
medium, is necessary for the formation of toxin by type A. 

SlTMMAJir 

A simple medium consisting only of peptone, casein, salts and 
water is described in wliich organisms of the Cl. wdchii group grow 
readily. 

No toxin lethal for mice is produced by types A and I) in this 
medium, but potent toxin is formed by t3q3es B and 0. 

The addition of trypsin permits of the production of t 3 rpe D 
toxin by t 3 q)es B and D, A similar effect is obtained by the artificial 
maintenance of the hydrogen ion concentration of cultures at or 
about pH 7*6 during grou-th. 

The significance of these findings is discussed. 

IVe are indebted to Dr R. A. O’Brien for antitoxin, to Professor T. Dalling 
and Dr R. F. j\Iontgomerie for cultures and to the director of this Institute, , 
Dr J. Russell Greig, for his continued interest in this work, 
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On testing one paiticiilai arrangement of the mgredionts, it 
•pas soon obsoi-ved that no^^ly isolated strains leacted in different 
w ays Not only ^id the lethal effect (toxicity) for mice differ, but 
tlie degree of acidity produced m the medium by the fermentation 
of the available sugar also varied By obser\ing the pH \ allies, 
particularly at 3 4 liours, vhich appeared usually to coincide with 
the peak of the fermentation and the evolution of gas, and at C 7 
hours, vhen the maximum toxin ivas developed, it became eiident 
that strains produced their best toxin at certain values More 
precisely stated, the development of toxin vas observed to be 
correlated inth groviih vluch produced a certain pH cycle in the 
medium The changes in pH value during groivth vore looked 
upon as indications of the nature of tho growth cycle in the strain 
under observation and no absolute importance apart from this was 
attached to them, nor was the acidity considered to be the only 
factor controlhng the production of toxin s 

Some of these points are illustrated in table I, where it is seen 
that tho first four strains, grorna in the same medium vith the same 
high sugar content of 0 6 per cent , produced very different^pH values 
— ^LP, 4 8 , JCC, 6 1 Tins table also sliovs that the;>H value -uas 

Tabix I 


VarKition tn toxin production by different strains of Cl welchii 



not the only factor mfluencmg the production of toxm by the two 
strains JE and JCC In these two examples the pH did not change 
materially when the serum content of the medium v as raised from 
2 to 5 per cent , but the toxicity of the product was doubled in the 
one case and quadrupled in the other By adjustmg the imtial pH 
and the sugar content of the medium, strains could be induced to 
grow vnth the evolution of a particular pH cycle, but the conditions 
evoking a given cycle varied ■with the different strains The addition 
of a higher concentration of serum increased the toxicity, as judged 
by the M L D , in certain but not m all strains 

Working from this basis it -was possible to group tho strains m 
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regard to the intravenous M.L.D. of their toxin for mice and to the 
grovdli conditions in winch it 'had appeared. 

Two groups could be differentiated, based on the capacity to 
produce acid from fermentable sugar. Group 1, producing less 

acid under these conditions, contained three very toxic strains 

the well-known S 107 and two newly isolated strains JOG and JE 

aU showing an M.L.D. of i-i c.c. With JCC, the most typical 
member of the group, the sugar content could be increased to 
0-8 per cent., which was beyond the optimum for toxin production, 
without the development of an acidity greater than pH 6-0 at 4 
hours and 6 -2 at 7 hours. JB was less distinctive in this respect 
but belonged to the group nonetheless and required a high sugar 
content to produce an acidity equal to pH 5-6. Group 1 strains all 
needed a liigh serum content or added meat extract to give the 
best results. 

Group 2 contained the great majority of the strains tested and, 
while here too the acidity produced varied a good deal with the 
strain, pH values of 5-4 and 4-8 were registered with sugar contents 
of 0'45 and 0-6 per cent. 

The majority of the strains produced their best toxins at a final 
pH (after 6-7 hours’ grovdh) of 6-0 to 6-2, even though a certain 
proportion could also 3 deld good toxin at more acid values (table II). 

TABI.E n 


Correlatioi of pH values developed during growth with maximum toxin 
yields in 45 cultures from 25 strains 


Period of growth 

pH value associated 
with maximum toxin 
jield 

Ifo. of examples 

Percentage 

3-4 hours 

5*5-5*6 

2 

4-4 


5-7-5-9 

12 

26-7 


60-6-2 

28 

62-2 


6-3-6-4 

3 

6-6 

6-7 „ 

5-7-5-8 

5 

11-1 


0-0-6-2 

30 

66-7 


6-3-6-5 

10 

22*2 


Those strains wliich could produce their toxin tlrrough a relatively 
wide pH range were on the whole the more regularly toxic, while 
the more variably toxic strains occurred mostly among those whose 
toxin-producmg capacity seemed to be more affected by the pH 
cycle. 

Table III give's examples of the relation of toxin production to 
the acidity registered in the medium by three of the more toxic 
strains of the t3q3e described above. This question of the regular 
production of toxin seemed to be of some importance in relation to 
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all these factois and also to the clinical histones, as -will be seen 
below 

Table III 

Conditions tn uhich toxin axis produced 


Strains and origin 

W L D at 6 hours 
<cc) 

pU at 

4 Iiours 

0 Jiours 

SR 12 


5 C 

5 7 

Fatal fulminating gas gangrono 

TV tS \ 

G 1 

63 

in wound 1915 

sV 

5 4 

o 4 

V 




Fatal gaa gangrene air raid 

1 

60 

6 2 

cosualty, 1940 

9*5 T5 T 

6 2 

6 2 


1 

5 9 

6 2 


tV 

5 4 

5 G 

DJI 




Wound infection without gaa 

in 

G 1 

6 2 

gongrone 1940 

T5 

4 8 

4 8 


Of the 2G strains tested, 17 were regularly toxic m the sense that 
they jnelded to\m witlun the range of potency characteristic for the 
strain whenever tested in suitable conditions, and 8 shoved a more 
irregular capacity to produce toxm In the absence of more 
exhaustive tests it was not quite cleai whether this irrogulantj was 
really characteristic of the stram or due to failure to find th^ 
optimum conditions for growth It can, however, be concluded 
that they are less robust m their capacity to produce toxm and that 
their needs are more difficult to meet 

The stabihty of the strains in regard to toxin production over a 
longer period of cultivation in vitro has not been gone into here 
The new strains were mostly tested wathm a few weeks of isolation 
Cl tielchit IS notoriously hablo to tlirow off vanants, as has been, 
shown by JIcGaughey (1933), Pngge (1937) and Henderson (1940) 
On the other hand certam strains, such as SR 12 — isolated m 1915 — . 
and S107, are extremely stable m regard to the mamtenance of 
their toxicity 

The production of toxm in this kind of culture seemed to depend, 
upon rapid mitial growiih reaching a suitable pH value at the peak 
of fermentation and a maintenance of groivth for some adequate 
period after this, wnth a stabihsation of the pH value or a shght 
movement only towards the more alkaline side If the medium, 
will not promote the initial rapid groivth wnth accompanying increase 
of acidity wntlun the optimum range the amount of toxm is reduced 
The medium must be rich enough m nutrient material to support 
growth during 2 3 hours after the peak of fermentation 
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regard to the intravenous M.L.D. of their toxin for mice and to the 
groAvth conditions in -which itliad appeared. 

Ihvo groups could be differentiated, based on the capacity to 
produce acid &om fermentable sugar. Group 1, producing less 

acid under these conditions, contained three very toxic strains 

the well-known S 107 and two newly isolated strains JOG and JE— 
aU showing an M.L.D. of c.c. With JOG, the most typical 
member of the group, the sugar content could be increased to 
0'8 per cent., which was beyond the optimum for toxin production, 
without the development of an acidity greater than pH 6-0 at 4 
hours and 6-2 at 7 hours. JE was less distinctive in this respect 
but belonged to the group nonetheless and required a high sugar 
content to produce an acidity equal to pH 5-6. Group 1 strains all 
needed a high serum content or added meat extract to give the 
best results. 

Group 2 contained the great majority of the strains tested and, 
while here too the acidity produced varied a good deal with the 
strain, pH values of 5*4 and 4*8 were registered with sugar contents 
of 0-45 and 0-6 per cent. ' 

The majority of the strains produced their best toxins at a final 
pH (after 6-7 hours’ growth) of 6-0 to 6*2, even though a certain 
proportion could also yield good toxin at more acid values (table II). 

Tabue n 


Correlation of pH values developed during growth with maximum toxin 
yields in 45 cultures from 25 strains 


Period of growth 

p}I value associate<l 
with maximum toxin 
yield 

No. of examples 

Percentage 

.3-4 hours 

5-5-5-G 

2 

4-4 


5-7-5-9 

12 

26-7 


0-0-6-2 

28 

62-2 


6-3-6-4 

3 

6-6 

6-7 „ 

5-7-5-8 

5 

11-1 


6-0-6-2 

30 

66-7 


6-3-6-5 

10 

22*2 


Those strains wliich could produce their toxin through a relatively 
wide pH range were on the Avhole the more regularly toxic, while 
the more variably toxic strains occurred mostly among those Avhose 
toxin-producing capacity seemed to be more affected by the pH 
cycle. 

Table III gives examples of the relation of toxin production to 
the acidity registered in the medium by three of the more toxic 
strains oh the type described above. This question of the regular 
production of toxin seemed to be of some importance in relation to 
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III the clinical group I (15 cases), where gas gangrene was 
present, wore found the five most toxic strains (40-80 M.L.D. 
per C.C.). The two most toxic strains (JCO and JE), wliich produced 
80 M.L.P. per c.c., came from severe cases of gas gangrene arising 
in the leg ; these cases wore successfully treated with final recovery, 

^ Table IV 

Comparison of toxicity within the three clinical groups 


Clinical group 

Strains in 
descend 
Ing order 
oftovlcitj 

ML I) 
(c c ) 

Source 

Outcome 
of case 

I 

Gas gangrene 

JCC 

* 

Socontlary arm abscoss after leg 
amputation 

Recoi ory 


JL 

tV 

Gas gangrene of thigh 

„ 


SR 12 

zS 

Fulminating gas gangrene (1015) 

Death 


V 


Massive gasgangrono; multiplo leg 
wounds 

Rapid 

death 


CB 

(ploura) 


Sovore gas gangreno of abdomen and 
chest 

Recov ery 


CB 
(h\ er) 


Sov'oro gas gangrene of abdomen and 
cliost 



A 72 

vV 

Gas gangrene of ]eg under plaster , 
no fracture 

Death 


R 


^(ossiv o gas gangreno 

Recovery 


CL 


Gas gangrene 


LP 


„ of thigh 

„ 


M 


.. thigh 

„ 


BP 


.. .. .. i.g 

„ 


ST 

* 

.. M thigh ond leg 

„ 


E 

i 

„ „ 

„ 


A 8 

i 

Mixed pentonitis with gas gangrene 

Death 

n. 





Infection 

without 

mi 

* 

Cl nelchtt infection 5 war wound, no 
detoils 

Recovery 

symptoms 

CT 

A 

Cl uelchti infection of compound 
fmeture 

Cl infection of lumbar wound 

■> 


BL 




G 

I 

Cl infection , war wound, no 

details 



LY 

i 

Cl uclckti and mixed pyogenic infec- 
tion of buttock 


III. 





Cl. XLtlchxi 

A 71 


Scalp wound 

„ 

present 

\V 

T 

Wood chip in orbit 


without 

H 


Pleural clot around shrapnel 

„ 

estabhsbment 

C 


CSiost wound 



K 


Amputation stump 



D 

A 

Plaster encased wound (after 6 weeks) 



Of the three other strains in this most toxic group, two were from 
rapidly fatal cases of gas gangrene and produced toxins with 50 
and 40 mouse M.L.D. per c.c. respectively, and one (GBP) from 
severe gas gangrene of abdomen and chest with excellent recovery 
(40 mouse M.L D. per c.c.). 
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In the clinical group I there was a sub-group of eight cases 
where the associated strains of Gl. welchii showed a toxicity equal 
to 10-20 mouse M.L.D. per e.c. Tliis is a very frequent level of 
toxicity for these Gl, wbIcIiH strains, i^jtuoug the cases of chuical 
gas gangrene arising from strains at this level of toxicity were two 
fatal cases, R, a shunting injury which developed rapidly fatal 
rnassive gas gangrene, and A 72, wliich was treated in plaster and 
died in 48 hours. Both these cases yielded strains with a toxicity 
of 20 mouse M.L.D. per c.c. and are of importance as showing that 
organisms of this quite ordinary degree of toxicity can produce 
rapidly fatal infections of the massive type ivliere conditions are 
favourable to their development. 

Group II in table IV, where there was evidence of proliferation 
of the organisms without symptoms of gas gangrene, contained 
five strains which range from the higldy toxic DM producing 40 
M.L.D. per c.c. to G whose toxin contained 5 M.L.D. per c.c. ; in 
addition, the only practically non-toxic strain LY came into this 
clinical group. The interest here hes in the fact that, in spite of 
the possibility for some degree of proliferation being present, the 
organisms did not find the necessary conditions of anaerobiosis, 
food supply, etc., to create the massive growth with evolution of 
toxin which alone seems to enable them to attack hving tissue and 
set up gas gangrene. This failure could not be attributed to the 
basic absence of toxicity of the strain DM, which was regularly 
toxic, producing at its best 40 M.L.D. per c.c. 

The third clinical group (III), where Gl. welchii was fortuitously 
present in the wound, contained six strains yielding toxins of 
10-20 mouse M.L.D. per c.c. ; that is to say they were m the big 
group of strains of average toxicity. These six strains were in 
conditions affording no opportunity of setting up a true infection 
and constitute really only a small random sample of the kind of 
Gl. welchii found among wounded persons. Strain D is, however, 
of rather particular interest, as it was obtained from under a plaster 
dressing after 6 weeks. It was surviving in conditions which did 
not permit of its development. This seems to be an example of 
Gl. welchii unable to take hold, not in spite of nor because of the 
plaster, but because of the state of the wound. 

It seems justifiable to conclude that, in general, the most 
regularly toxic strains capable of secreting toxin through a fairly 
vdde pH range were also the most effective in causing gas gangrene. 

On the evidence supphed by table IV aU the strains tested, 
except only LY, seemed to be of a basic toxicity sufficient to cause 
gas gangrene if the state of the wound was such as to permit of rapid 
proliferation and evolution of toxin. Gl. welchii, it should be 
repeated, has never shown itself capable of an attack on soimd 
tissue, which is the essence of gas gangrene, unless it is spreading 



CL. \^T3LCHn TOXIN 


103 


out from a focus in ■which it meets conditions — reduced oxygen 
tension and an abundant food supply — ^permitting rapid growth 
■with the evolution of toxin. Telling examples illustrating this are 
afforded by the three cases A72, DM and D. A72 was a rapidly 
fatal case of gas gangrene arising from multiple puncture wounds, 
which was encased in plaster within a few hours of wounding. The 
organism, "with a toxicity of 20 mouse M.L.D. per c.c., had all it 
needed to multiply -vigorously and produce a rapidly advancmg gas 
gangrene undisturbed by any interference. DM, a very regularly and 
highly toxic strain (40 M.L.D. per c.c.), proliferated harmlessly, 
lacking the conditions for secreting its toxin, and in spite of its 
basic capacity in tlus direction was quite ineffective. The strain D 
already mentioned adds the tlurd example and, although lying 
imdistmbed under plaster, it did not have the conditions for good 
growth and was quite innocuous. 

Tliis method of investigation is not a very rapid or economical 
way of appraising the toxicity of strains, as it requires a number of 
tests to explore the nature of the strain and find the best level of 
toxin production. Moreover, the number of mice required is very 
considerable. It does, however, reveal the nature of the strain and, 
if it is carefully used, a good idea of the toxicity and general capacity 
of the organisms can be obtained. An application of the leoitho- 
vitellin test would no doubt provide a more economical method 
when the reaction has been further explored and a reliable equation 
of the flocculation and opalescence to lethal action has been 
established (Macfarlane et al., 1941). 

SmiMARY 

Twenty-six strains of CL wdchii recently isolated from air raid 
casualties and wounded soldiers were tested for their capacity to 
produce toxin in vitro. The method of toxin production is described. 

,The yield varied from 5 to 80 intravenous mouse M.L.D. per c.c., 
the majority (61 *5 per cent.) of strains tested showing a toxicity 
of 10-20 mouse M.L.D. per c.c. 

The strains were isolated from cases wliich ranged from acute 
gas gangrene to those in which the organism had only been transi- 
torily present without creating any recognisable symptoms in the 
patient. All but one of the strains tested were of a basic toxicity 
equal to and above that shown to be capable of causing gas gangrene 
if the conditions in the woimd were favourable to its development. 

Apart from the valuable co-operation of the pathologists of the Emergency 
jMedical Service already referred to, tho authors have received -a great deal 
of assistance from other workers. Wo are particularly indebted to Professor 
T. Balling and j\Ir C. A. McGaughoy of the Institute of Animal Pathologj^ 
Cambridge, for fundamental advice on the whole problem of toxin produc- 
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tion. Very valuable help was also received from Dr B. 0. J. G. Knight, 
Mr R. S. Roberts and Dr D. Riding in the matter of suitable media. We 
have pleasure in expressing our thanks to Dr W. E. van Heyningen of the 
Biochemical Laboratory, Cambridge, for constant helpfulness and co- 
operation in many directions. 
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mmiAL CORONABY ARTERY HEMORRHAGE 
AS A FACTOR IN THE CAUSATION OF 
CORONARY OCCLUSION 

M G Nelson 

Department of Pathology, Queen's University, Belfast 

(Plates IV and V) 

Mani theories have been propounded to explain the exact 
mechanism of coronary occlusion Although these have vaned 
Bomewhat, all are agreed that in the \ast majority of cases the 
occlusion occurs in vessels which are the seat of some degree of 
atherosclerosis 

Koch and Kong (1932 33) suggested that stasis and oddymg of blood 
occurring near atherosclerotic plaques are sufficient to precipitate thrombus 
formation even when the endothelial lining is intact Tins stasis is enhanced 
by the reduced blood flow of congcsti\ e lieart failure, wliother brought about 
by the coronary atherosclerosis or by decompensation m on associated 
hypertension 

In recent years greater attention lias been paid to changes in the vessel 
wall at the site of occlusion m on endeavour to ascertain the exact mechanism 
of occlusion or to discover what clianges exist which might initiate intra 
vascular tlirombosis Thus Boyd (1928) described an acute mflammatory 
reaction in tho jntima of two cases of recent occlusion and suggested this 
as a possible factor m all cases Leary (1934 1938), who noted breaks m the 
Integrity of tho overlying tissue in atheromatous plaques, suggested that tho 
rupture of so called atheromatous abscesses was a common pre tlirombotic 
lesion, especially in old people A cunous fibrmoid lesion has also been 
noted at the sit© of occlusion by many workers, mcludmg Leary (1936) and 
Clark et al (1936) It has been variously mterpreted as tissue necrosis or 
a fibrin coagulum or clot 

Paterson (1936) and Wartman (1938) have suggested that hremorrhage 
into the intima from intimal sinusoidal vessels mi^it bo an important 
precipitTtmg factor in intravascular coronary thrombosis Tlioir work is 
supported by the fact that a similar process seems to occur m atherosclerotic 
cerebral vessels — whero it leads to tlirombosis — and also m pulmonary 
vessels H*emorTliagcs mto tlio intuna had, of course, been noted before 
but were differently interpreted Boyd considered that tlio presence of tlio 
blood was merely part of the exudative inflammatory reaction, while Leary 
thought it was the result of regurgitation from the lumen into the mtuna 
foUowmg rupture of an atheromatous abscess 
105 
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In an endeavour to discover the exact mechanism of coronary 
artery occlusion, seventeen recent cases have been studied. 

Material and methods 

The material was derived from autopsies carried out in this department 
over a period of about two years. The heart in every case of suspected 
coronary occlusion was examined systematically. After the external surface 
had been scratimsed and described, the coronary arteries were cannulated 
and the coronary system filled with radio-opaque RQntyum solution at a 
pressure of 100-200 mm. of mercury. The arteries were then tied off and the 
site of occlusion located by x-ray examination. The affected vessel was 
carefully dissected off and blocks were taken from the occluded portion. 
These, after fixation in formol-Zenker, were embedded in paraffin in the 
usual manner. A few of the blocks required preliminary decalcification. 
Sections were stained with hajmatoxylm and eosin, hrematoxylin and van 
Gieson, Masson’s triclirome stain and Verhoeff’s elastin stain. Sections were 
also treated to show the prussian blue reaction. 

Description of the coronary artery lesion in eleven cases of occlusion 
associated with intimal hcemorrhagc 

Case 1. The adventitia shows diffuse fibrous thickening, wliile the media 
is much thinned and fibrosed. There are well marked intimal atherosclerotic 
changes and in the deeper, aspects there are large sinusoidal blood spaces 
surrounded in many instances by chronic inflammatory changes. The 
lumen of the vessel is considerably reduced by a large eccentric plaque of 
atlieroma. Recent haamorrhage is evident in the soft detritus of the plaque 
and the overlying vascular endothelium has been raised, reducing the lumen 
to a mere slit. There is no evidence of superimposed thrombosis. 

Case 2. There is well marked concentric fibrosis of the adventitia, with 
infiltration by lymphocytes and plasma cells. Tliis infiltration shows a 
tendency to collect around some of the blood vessels but there is no evidence 
of endarterial or periarterial changes in the vasa vasorum. The media is 
thinned, fibrosed and infiltrated by lymphocytes. The intima is thickened 
and shows in its deeper layers a large atheromatous plaque with partial 
calcification. Many large sinusoidal blood vessels surrormded by cluonic 
inflammatorjr cells and much fibroblastic activity are present in the intima. 
Evidence of former perivascular hsemorrhages is shown by the presence of 
hasmosiderin-containing macrophages in relation to some of the vessels. 
A recent haemorrhage is present in the immediately subendothelial zone and 
overlying it is a dense fibrin clot from which the final thrombosis appears 
to have arisen. This hiemorrhage has extended slightly into a nearby 
atheromatous plaque which contains red cells and fibrin. The overlying 
fibrous tissue and endothelium have been broken through and the lumen 
is apparently in direct communication with this area of atheroma. , 

Case 3. The adventitia shows slight fibrous tliickening and there is, 
over one segment of the vessel, a marked adventitial infiltration of chronic 
inflammatory cells, including many plasma cells. The media is thin and 
markedly fibrosed, while over some segments it is practically non-existent. 
Tlie intima is thickened and fibrosed and shows the presence of an athero- 
matous plaque ' containing many rounded fat-laden macrophages. In the 
deeper layers many sinusoidal blood vessels are present. In the intima 
deep to the adventitial infiltration above-mentioned there is a lymphocj’tic 
perivascular infiltration with some fibroblastic activity. In the atheromatous 
plaque there is a recent hemorrhage and the overlying intima has been 
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raised and apparentlj broken at an angle without showing any extension of 
tlio htenioirliogo into the lumen Secondary thrombosis is present m tli^ 
lumen, but has not completelj occluded it m the sections examined 

Case 4 The adicntitia is grossly tluckened and equals in width the sum 
of the other two coats Tins is entirel3 duo to tho presence of denso 
collagenous fibrous tissue, it contains \cty few cells Tlie \asa \asorum 
in tho adventitia show typical sypliilitic cndartenal and periarterial changes 
The media has been almost completely replaced by active fibrous tissue, 
muscle being present in only one segment of the vessel wall The tnhma 
is thickened and fibrosed It shows many new blood vessels m its deeper 
lajers, surrounded bj a cellular infiltration which includes manj plasma 
cells Also m this penv ascular zone there is activ o fibroblastic proliferation 
and evidence of old perivascular hemorrhages Tlio fibrous tissue m the 
immediatelj subendothchal zone is still verj active and of granulation tissue 
tjqie In tins zone there is n recent hremorrhage and ov er it a dense fibrm 
clot, while the rest of the lumen is occluded bj looser thrombus 

Case 5 The branches of the vasa vasormn lying m the have 

good muscular walls and show no pathological changes of note Pocal 
collections of chronic mflammatory cells^ljunphocytes and some plasma 
cells — infiltrate the fibrous tissue of tho adventitia but do not appear to 
bear anj significant relationship to pathological processes occurrmg m either 
media or intima Haimosiderm deposits are present m relation to some of 
tho smaller vasa The m&dia is much thinned and fibrosed and m some 
segments is reduced to a few strands of muscle In tho intima there are 
marked atheromatous deposits which encircle tho lumen and fibrosis of 
the overlying subendothelial tissue In the deeper lasers of the intmsa, 
vascular spaces can be readily identified and manv new capillaries aro seen 
A clironic inflammatory change is present m this zone, with cellular infiltra 
tion, fibroblastic proliferation and the formation of new capillaries, while 
hiemosidenn deposits give evidence of old hamorrhage A more recent 
hcemorrliago has occurred into the atJieromatous plaque and has spread 
completely round tho lumen This has raised the mtimal covering of tho 
plaque and reduced the size of the lumen, while recent thrombus has 
completed tho process of occlusion 

Case 6 The adventitia is thickened over some segments and shows 
focal collections of chrome mflammatorj cells predominantly lymphooj'tes 
Ha?mosidenn laden macrophages are also present Hie xntima is abnormally 
thicli^, due to tlic presence of abundant dense collagenous fibrous tissue, 
while atheromatous cholesterol clefts are almost non existent In tho deeper 
aspects of the mtima many smusoidal blood vessels are present which are 
surrounded by a zone of active fibroblastic proliferation and clironic 
mflammatory cell infiltration In some of these areas h'emosidcrin laden 
macrophages are numerous around the vessels Many of these mtimal 
changes occur deep to the focal adventitial infiltrations and direct contmiuty 
can sometimes be traced through the media In the more superficial aspects 
of the mtimal fibrous lajer there is a recent h'eraorrhage, closelj related to 
some smusoidal blood vessels It has tom up tho fibrous tissue in the 
neighbourhood and lias raised up tho immediately subendothelial fibrous 
tissue from its bed Tlie latter shows well marked fibrmoid change A 
recent thrombus complctelj occludes the lumen and the oldest part of this 
clot IS attached to tho wall at the site of the mtimal hasmotrliage 

Case 7 The adientitia shows no significant Instopathological changes 
Tlie media is eveiywhere intact and shows only a mild degree of fibrosis 
Tlie intima is the scat of advanced atheromatous change, with accompanv ing 
fibrosis Calcification is present and there are raanj sinusoidal blood spaces 
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in the deeper layers. A recent subendothelial lioemorrhago almost completely 
encircles the vessel. It has raised np the overlying fibrous tissue and may 
have broken through into the lumen at one pbint. A recent thrombus 
completely occludes the Imnen and is attached to the wall at a point winch 
overlies an area of marked intimal hfcmorrhage. 

Case 8. There are many focal collections of clxronic inflammatory cells 
throughout the adventitia. In one section there is marked fibroblastic activity 
over one segment of the adventitia, with extension through and destruction 
of the media. The media is thinned out and much fibrosed. The intima is 
greatly thickened and fibrosed and shows subendothelial deposits of fat 
which has been largely taken up by globular macrophages. In one of the 
sections showing fibroblastic adventitial activity and medial destruction 
there is a small area of necrosis in the deeper layers of the intima, with many 
pyknotic nuclei, resembling an intramural abscess. It is surrounded by a 
zone of active fibroblastic proliferation. A recent hasmorrhago is present 
immediately beneath the endothelium and extends almost half-way round 
the circtnnferenoe. It has ruptured secondarily into the lumen, which is 
completely occluded by recent thrombus. 

Case 9. The adventitia shows considerable fibrous thickening rmevenly 
distributed around the vessel. In this fibrous tissue focal collections of 
chronic inflammatoiy cells are prominent, including many plasma cells. 
The media shows thinning and fibrosis. Tlie intima is the seat of well marked 
atheromatous changes, with attendant fibrosis. Many largo sinusoidal blood 
vessels are present in its deeper layers. Nearly all these vessels are sur- 
rounded by an inflammatoiy reaction which consists of Ijunphocytes, plasma 
cells and some polymorplis, while evidence of active fibroblastic proliferation 
is marked. In some cases perivascular collections of hfemosiderin-containing 
macrophages are present. A dense whorled deposit of fibrin is present in the 
wall near the lumen and in close association with a group of sinusoidal vessels 
j showing marked perivascular inflammatory changes. This fibrin shows 
commencing organisation at its periphery but is in direct communication 
with the lumen, which is occupied by recent thrombus. 

Case 10. Focal collections of chrome inflammatory cells are present in 
the adventitia, including many plasma cells. Fibroblastic activity is evident 
nearby and perivascular macrophages containing hcemosiderin are evident. 
The media is thhxned, fibrosed and in some areas infiltrated from the adven- 
titial cellular collections. The intima is the seat of most advanced athero- 
matous change, reducing the diameter of the lumen considerably. In the 
deeper layers, which still remain fibroirs, there are many sinusoidal blood 
spaces surrounded by a zone of fibroblastic overgrowth and inflammatory 
cell infiltration, including some polymorphs and plasma cells. Evidence 
of previous haemorrhage from such vessels is shown by htemosiderin deposits. 
Tluroughout the ground substance of the atheromatous plaque — ^which 
appeared (brown to the naked eye — there is a curious fibrinoid staining re- 
action. Immediately beneath the vascular endothelium but separated from 
it by a few collagenous strands, there is a recent hemorrhage which almost 
surrounds the lumen and has ruptured tlirough its overlying fibrous covering to 
enter the lumen. The latter is itself completely occluded by recent thrombas. 

Case 11. The adventitia contains focal collections of chronic inflammatory 
cells, including many plasma cells. The media is much thinned and fibrosed. 
Hie intima shows advanced atheromatous deposits. In its deeper layer close 
to the media, where fibrosis is marked, there are many sinusoidal blood 
vessels surrounded by chronio inflammatory changes. A recent hasmorrhago 
is present in the intima and has extended into the lumen, which is occluded 
by recent thrombus. 



CORONARY OCCLUSION 


109 


Commentary 

Of tlio eleven, vessels in vliicli occlusion was due, in part at least, 
to intramural Iiffimorrliage, ten showed the presence of advanced 
coronary atherosclerosis. In many, tlus was associated with 
intimal calcification. In one case only, the occluded vessel was 
the seat of syphilitic arteritis which had extended from a nearb}’’ 
syphilitic aortitis into the ostium and first cm. of the right coronary 
artery. This case of acute coronary occlusion occurred in a woman 
of 34 who died suddenly while at work and about whom no clinical 
details are available. The right coronary artery was completely 
occluded at its mouth by a recent intramural ha?morrhage supers 
imposed on the syphilitic changes. It is significant that the same 
process, leading to final occlusion, should have occurred both in 
vessels affected by S3T)liilis and in those the seat of atherosclerosis. 

Syphilis of the coronary arteries usually consists of involvement 
of the coronary ostium, especially the right. The involvement rarely 
extends far down the vessel and it is common to have S5rphilitic 
involvement of its mouth ‘uitli atherosclerotic changes elsewhere. 

The process of sj’pliilitic coronary' arterj' closure has always 
been a problem about which there have been many theories but 
few facts. It is usually believed that the endartoritic change pro- 
ceeds slowly and inexorably to final occlusion, and we have recently 
seen a case of syphilitic aortitis and aortic valvulitis where the free 
edges of the valves were glued back to the aortic wall and the right 
coronary ostium was completely occluded without any macroscopic 
changes in the myocardium supplied by this vessel. In the single 
instance in this series, however, an acute occlusion had occurred 
at the ostium of the right coronary artery, which was the seat of 
sypliilitic change. This allowed us to see the actual process of acute 
coronary artery closure in such circumstances. The vessel, which 
showed marked adventitial and intimal thickening, had an obvious 
macroscopic intramural hasmoirhage and the lumen was occluded 
by thrombus. Histologically there was widespread sj'pliilitic 
arteritis, the adventitia being greatly thickened and showing specific 
^vascular and perivascular changes. The media was thin and in many 
places destroyed, while the intima was greatly thickened, due to the 
formation of soft granulation tissue in which atheromatous changes 
were entirely absent. The whole wall including the mtima was 
exceedingly vascular. There was clear evidence of previous haemor- 
rhage from the ^intimal capillaries in the sliape of perivascular 
collections of hjemosiderin-containing macrophages, while a recent 
gross haemorrhage had occurred into the intima. A tlirombus 
wliich only partially occluded the lumen at its mouth but wliich, 
more distally, did so completely, was attached to tlie intima over 
tile area of intramural hsemorrhage. It would appear therefore that 
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intramural htemorrhage is not invariably due to atlierosclerosis : 
it may result from inflammatory as well as degenerative change. 
The underlying disease, moreover, is, in many cases at least, merely 
predisposing and not precipitating. 

There is little agreement in the literatme on the problem of the 
vascularisation of the coronary artery wall, and the main conflict 
has centred around the blood supply of the intima. The general 
consensus of opinion appears to be that the normal intima of the 
human coronary is not vascularised (Paterson, 1936 ; Leary, 1938) 
but is supplied with blood by imbibition from the lumen of the 
main vessel, while the deeper aspects are supplied by a few vessels 
penetrating through from the media. Winternitz et al. (1938), 
however, have demonstrated a vascular network in the normal intima 
of various animal species. By means of a special injection technique 
they Avere able to demonstrate vascular spaces in the vessel wall 
derived from tliree distinct sources — ^the adventitia, the region of the 
orifices of branches and the lumen of the vessel itself. They 
considered that such spaces must exist also in the normal intima 
of man, although they Avere unable to demonstrate them by their 
technique. These vascular spaces, few in youth, increase Avith age 
and are very marked in arterial diseases such as atherosclerosis. >, 

On the other hand, there is complete unanimity as to the fact 
that atherosclerotic vessels are well vascularised and that this 
vascularity includes the intima. The blood vessels found in the 
intima of atherosclerotic vessels are derived from tAVO sources. Those 
on the deeper aspect of the intima, in close proximity to the media, 
are derived from the vasa vasorum of the adventitia. Tliis fact, 
demonstrated by Winternitz et al. and many others, Avas amp,ly 
confirmed during the course of the present investigation. The more 
superficial vessels have been traced by serial section and by injection 
to the lumen of the coronary artery (Leary, 1934 ; Paterson, 1936 ; 
Winternitz et al., 1938). The development of an intramural vascular 
circulation is apparently dependent on inflammatory A’-ascular 
changes or atherosclerotic degenerative changes. 

Histological examination of the coronary vessels shoAA^ed tliat a 
capillary circulation Avas universal in the intima of those arteries 
which were the seat of pathological processes, Avhether inflammatory 
or degenerative. These vessels were situated to a large extent in ■ 
the deeper part of the intima in close apposition to the media, but 
AA'ere also present immediately beneath the endothelium. It is 
difficult to visualise the occurrence of vessels Avithin an area of 
atheroma : such lesions are probably, as Leary (1934) suggests, 
purely avascular, although the presence of vessels in close association 
Avith them is constant. It was usually found that the areas with 
least atheroma and most fibrosis shoAA’ed the greatest A’^ascularity, 
Avliile areas AAith advanced atheromatous lesions and AAide cholesterol 
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plefts were relatively avascular. Blood vessels v'cre always found, 
however, in the margins of these advanced lesions. 

Since the normal intima is not vascularised wliile the pathological 
intima is, it would seem that vascularisation is a response to rather 
than a cause of inflammatory or atherosclerotic change. It is 
capable, nevertheless, of maintaining and increasing the intimal 
fibrosis and, since it leads to intramural haemorrhage, plays an 
important role in the causation of coronary occlusion. 

The association of adventitial l 3 Tnphocytic infiltration with 
intimal atheromatous deposits is frequent. Such infiltration tends 
to be perivascular and to consist in part of plasma cells, and as it is 
often associated with many newly formed vasa vasorum, the 
question of syphilis maj" be raised. S 3 q)lulis, however, rarely extends 
bej^ond the coronary ostia and is associated -with a syphilitic aortitis, 
while the vasa vasorum show obliterative endarteritis in addition 
to the perivascular changes. 

In most of the vessels of this series it was noted that the intimal 
sinusoidal vessels, especially the more deeply placed, showed well 
marked perivascular changes, consisting of tissue necrosis, lympho- 
cytic infiltration and, in some instances, fibroblastic activity. 
Around some of the vessels previous hjemorrhage was indicated by 
the presence of collections of luemosiderin-containing macrophages. 
If these had been found around all the vessels showing the peri- 
vascular changes above referred to, one would have had no hesita- 
tion in saying that the changes in question had resulted from 
organisation of previous hjeraorrhages. TJie fact that similar 
changes could occur without haimorrhage suggests on the other hand 
a common retiological agent. Histological evidence points to the 
process being inflammatory and suggests that it may either end 
in healing with fibrosis or proceed to intramural lijemoirhage by 
toxic damage to the capillary wall. 

Tliis raises once more the question of the relationsliip of uifection 
to the development of sclerosis of arteries, which, entirely dis- 
counted by MacCallum (1925), has again been mooted by Wintemitz 
et al. These authors, by demonstrating a vascular bed in blood 
vessels, have altered our point of view as regards the reaction 
of vessels to injurious agents, bringing the pathological changes 
occurring in vessels into line -ttith similar changes in other tissues. 
Thus instead of regarding certain of the pathological processes which 
occur in vessels as wholly degenerative in nature, they could perhaps 
be better understood as some variant of the ordinary exudative and 
reparative processes wliich occur elsewhere in the body in response 
to injury. The flaw — if such it be — ^in the argument put forward 
by these authors is in deducing from changes observed late in the 
disease that these changes are important as retiological factors in tlie 
development of the disease process. There is as yet insufficient 
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evidence to show that exudative changes ever occur early in the 
development of atherosclerosis, although they commonly accom- 
pany the fully developed disease and are probably of importance 
in increasing the vascular fibrosis and, by the formation of 
new fragile capillaries, in enliancing the hability to intramural 
hsemorrhage. 

Hsemorrhage from intimal capillaries into the wall of an athero- 
sclerotic coronary artery is a common occurrence and in many 
instances is unassociated with any tlrrombus formation in the 
lumen (fig. 3). When fresh, the relationship of such hasmorrhages 
to intimal vascular channels can be readily distinguished ; later the 
extravasated blood becomes orgam'sed, numerous new capillaries 
appear, fibroblastic activity and lymphocytic infiltration become 
evident and the blood pigment is taken up by macrophages in the 
form of hsemosiderin. 

Various interpretations have been placed on the presence of 
extravasated blood in the wall of the coronary arteries and most 
authors consider that it is derived from blood in the lumen as a resuft 
of breaks in the integrity of the endothehum (Benson, 1926 ; Koch 
and Kong, 1932-33). Boyd (1928) thought that the blood was 
part of an inflammatory exudate in the wall, while Leary (1936) 
described the rupture of atheromatous abscesses into the lumen 
and the subsequent entrance of blood into the interior of the lesion. 

Paterson (1936) first suggested that an intramural hsemorrhage of 
I this kind was the primary process in coronary obstruction and that it 
might subsequently lead to intraluminar tluombosis (figs. 1 and 2). 
This has been confirmed by Wartman (1938), Winternitz et al. (1938) 
and Horn and Finkelstein (1940). . • 

In this smaU series of 17 cases there was evidence that recent 
intramural hsemorrhage was directly or indirectly responsible for the 
coronary occlusion in 11, and in 6 of these there were relics of previous 
hsemorrhage in relation to blood vessels situated deep in the intima 
(figs. 4 and 5). These deeper hsemorrhages, because of their position, 
would be unfikely to cause changes which might lead to immediate 
coronary occlusion, and the survival of the patient would allow time 
for healing processes to occur, with the probable formation of 
fmther new capillaries in the granulation tissue. As such newly 
formed capillaries have been shown to be still less resistant to intra- 
vascular pressure, it is apparent that they will tend to rupture more 
readily and so set up a vicious circle which goes on until the vessel 
becomes occluded, either by the formation of a large intramural 
hsematoma or by a superimposed coronary thrombosis. It is 
therefore suggested that during the course of his life a patient with 
coronary atherosclerosis will be subject to these recurring intimal 
hfemorrhages but that usually it is only when the hsemorrhage is 
either massive or superficial, thus causing secondary damage to the 
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Fki. 1 — Coronary nrtory sliowing 
nflvnnfpil nthoioma with intimnl 
hreinonhiigo and ottnclied over- 
lying tliroinbiis. H. and E. x 


Fia. 2. — Coronary artery 
showing advanced ather- 
oma and superficial intimal 
hasmorrhage wliieh is con- 
tinuous with thrombus in 
tJio Imnon. Note largo 
sinusoidal capillaries in the 
thickone<l intiina. H. and 
E. x2j. 




Fio. 3. — Coronary arterj’ showing ad- 
vanced atheroma and hromorrhago 
deep in the intimn. This has re- 
sulted in almost complete occlusion 
without the formation of an intra- 
luininor thrombus. H. andE. x25. 
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Plate V 


ConOVAIlY OCCLUSION 



Kio. 4. — Part of tho wall of a coionmj artoi), '.howntg retoiit ha'nionliago, 
Ijrcinosiderm containing raacroplmgcs and an iiUlmnnmtoi’j iiihltmtion 
H. and E. X73 



Fig. i). — Section >5howing an area in tlie deeper part of an atheromatous plaque 
Kumerous ha?mo->ideriii containing and inflammatory colls are present and 
so\ oral small l)loo<I \ essols can bo seen. H. and C. x80 
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action, whether local or general. In the present material, histo- 
logical examination afforded ample evidence of chronic perivascular 
mflammatory change suggestive of the action of blood-bome toxins. 
There is no available evidence, except perhaps in the case of syphihs, 
to indicate the nature of these hjrpothetical toxins. 

Lastly the integrity of the capillary is dependent on the rigidity 
or otherwise of the supporting stroma. This has been stressed by 
Paterson (1936) and others as the most important factor in the 
production of intimal haemorrhages. The capillaries are usually 
found to he close to or in an area of atheromatous degeneration 
and are thus ill-supported by the surrounding tissue. The capillaries 
become dilated by the intravascular pressure and finally, because of 
increasing capihary fragihty due to age or toxic action, rupture 
occurs and the blood pours out into the surrounding area of 
atheroma. In the material examined, however, the intimal 
sinusoidal vessels rarely showed any lack of support by the 
surrounding stroma, which in most cases consisted of dense 
collagenous bands. 

It is therefore considered that the most important factors 
concerned in the production of intrammal coronary artery haemor- 
rhages are weakening of the capillary wall and sudden raising of 
the intracapillary pressure. As regards the latter, evidence derived 
from the clinical examination of a group of cases points to exertion 
and emotion as the main precipitating factors. These clinical 
conclusions cannot be considered anything more than suggestive, 
because of the possible painless natiue of the original intramural 
haemorrhage and the progressive tempo of the changes leading to 
the final block. That intramural haemorrhage can occiu’ in both 
atherosclerotic and syphilitic coronary disease without causing 
occlusion indicates that some additional factor , may be necessary 
to bring about the final catastrophe. 

Wartman (1938) has shown that in many cases, if the haemor- 
rhage is extensive, it is itself capable of causing coronary occlusion. 
In these cases the bleeding usually occurs into the substance of a 
fatty atheromatous plaque, causing a large intramural haematoma 
which occludes the lumen. This fact was confirmed in two of the 
cases examined, where an extensive intramural haemorrhage had ' 
involved a nearby plaque, and by raising the overlying endothehum 
and subendotheUal connective tissue had occluded the lumen 
without any superimposed thrombosis. 

In a search for secondary factors Clark et al. (1936) and Paterson 
(1936) found that, if the haemorrhage occurred into the wall proximal 
to a stenotic plaque, intravascular tlirombosis and occlusion were 
common. Here the stasis and eddying of blood which occur in this 
situation will favour intravascular thrombosis if the necessary 
precipitating factor in the shape of damaged endothelium is added. 
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The intramural hsemorrhage is itself capable of producing this 
endothelial damage. 

Paterson (1938) has described a number' of ways in which the 
tlirombosis may be initiated — diffusion of blood and tliromboplastic 
substances from a superficial h»moiThage, necrosis of the overlying 
intima and endothelium, or retrograde thrombosis of capillaries 
derived from the lumen. 

In tills series nine out of the eleven cases with intimal hasmorrhage 
showed superimposed tlirombosis, and in many of them tlie oldest 
part of the thrombus could be identified attached to the wall over- 
lying a subendothellal hremorrhage. In others the blood from an 
intramural Inemorrliage could be seen to have ruptured through the 
covering endothelium into the lumen of the artery, where it became 
continuous with a thrombus in the main channel. In one case, in 
addition to a recent intimal h£emorrhage, there was an organising 
clot of some age, l3dng in the wall but directly continuous vdth a 
thrombus in the lumen. This would tend to show that the process 
of occlusion is not in all cases sudden and acute but may be slowly 
progressive. 

The fibrous tissue in relation to an intimal hsemorrhage, especially 
the tissue lying between the haemorrhage and the lumen, is often 
the seat of fibrinoid change. This is taken to be a degenerative 
phenomenon. 

Many cases of acute coronary occlusion follow immediately 
some degree of exertion and the pathological basis for these cases is 
probably the formation of a large intramural hjematoma wliioh has 
caused complete occlusion. Slany others are apparently unrelated 
to exertion or emotion and occur during rest. It is possible that in 
these cases, during a phase of raised blood pressure induced by 
exertion, a small intramural hjemorrhage occurred, insufficient in 
itself to occlude the vessel, but producing degenerative changes in 
the overlying endothelium and initiating intravascular thrombosis. 
Such a thrombus is more likely to form during a period of rest. 
Thus, although the intimal hcemorrhage may occur during a phase 
of raised blood pressure induced by emotion or exertion, it may 
take hours or even days for the complete occlusion to develop and 
the final intravascular tlurombosis may occur during a period of 
bodily rest. 

S^immary 

1. Changes in the vessel wall are considered to he of greater 
importance in the development of coronary occlusion than changes 
in the blood. 

2. The most common predisposing disease is coronarj^ athero- 
sclerosis. 

3. IVIany sinusoidal blood vessels are found in relation to intimal 
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atheromatous plaques. These vessels occur in two situations, either 
deep in the intimal tissues close to the media, or more superficially, 
near the endothelium. In the majority of cases they are surrounded 
by clironic inflammatory changes. 

4. Haemorrhage from these sinusoids is a not uncommon fin ding 
in coronary atherosclerosis. Haemorrhages into the deeper zones 
of the intima heal by granulation tissue in which new capillaries are 
numerous. Such a process increases the fibrosis and the vascularity 
of the intima and predisposes it to further haemorrhage. 

5. Superficial intimal haemorrhage is a most important factor in 
the aetiology of coronary occlusion. It was present in 11 out of 17 
cases examined, but in 9 of these, thrombotic occlusion of the lumen 
was also present. 

6. The factors determining the intimal haemorrhage are probably 
weakening of the sinusoidal wall by toxic action and transient raised 
intraluminar pressure induced by exertion or emotion. In such 
cases superimposed intravascular thrombosis may be delayed until a 
subsequent period of bodily or mental rest. 

I wish to thank Professor Biggart for his help, advice and encouragement 
during the course of this work and in the preparation of tliis paper. 
Mr D. jilcA. Mehaffey was responsible for the photography. 
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THE ESSENTIAL IDENTITY OF THE KLIPPEL- 
FEIL SYNDROME AND INIENCEPHALY 

J R Gilmouk 

From the Bernhard Baron Inatitntc of Pathology^ London Hospital 

(Plate VI) 

The doformitios known os tlio Klippol-Foil syndromo ond 
imenceplialy are very rare and anatomical descriptions are few and 
unsatisfactory. The conditions have been regarded as distinct 
The Khppel Fell syndrome or congenital brovicolhs consists of 
shortness of the nock, a low hair line posteriorly and limitation of 
movements of the head, associated tvitli fusion of cervical \ ortobrm 
and sometimes also of upper thoracic vertebra; Since the original 
pubhcation of Khppel and Fed (1912), cases have been described 
which have the same anatomical lesion but differ m being w ithout 
any external mamfostation and many additional features have been 
recorded Common among tho latter are webbing of the neck 
(pterygium colh) due to an unusual prominence of tho free borders 
of tho trapezius muscles, marked nuchal depression at tho napo of 
tho nock, congenital high scapula, wmgod scapula, facial asymmetry, 
spasm of tho cervical muscles or torticollis, cervical ribs, absence or 
fusion of ribs, scoliosis and dorsal kyphosis Loss common con- 
genital abnormalities are spma bilida in tho lumbar or sacral region, 
sacrahsation of tho fifth lumbar vertebra, cleft palate or abnor- 
malities of tho viscera In a mmonty of cases tliero aro nervous 
symptoms such as bimanual synkinesia, mental deficiency, deafness 
and spastic paraplegia, hemiplegia or quadnplegia , in a few 
instances the spastic quadnplegia has developed late in life Tiio 
head is often fixed more forward than normally. In some cases it 
IS flexed forward so that tho chin rests or almost rests upon tho 
sternum More commonly it is slightly retrofloxod so that tho face 
looks slightly upwards There is often slight rotation or lateral 
flexion of tho head to one side Some subjects are stillborn or die 
early in life, possibly from associated abnormalities, but in most tho 
deformity does not affect tho prospect of life and many aio adults 
at tho time of first observation Tho disease has been stated to 
affeot males and females equally but in 71 cases to which I have 
referred there wore 49 females to 22 males Instances have been 
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recorded of the deformity in brother and sister, mother and daughter, 
father and son, father and daughter and mother and three children. 

Knowledge of the anatomical abnormality has been gained almost 
entirely from X-ray appearances. Necropsies have been recorded 
by Klippel and Peil (1912), Crouzon and Liege (1928), FeUer and 
Sternberg (1932), Kallius (1930-31), Feil, Lebleu and Fischer (1932) 
and Mitchell (1934). Other important papers on the disease are 
those of Greig (1924), Bauman (1932), Olemmesen (1936) and 
Thomson (1937). 

Inieneeplialy is a deformity found only in the stillborn or in 
infants. One infant in the literature hved for 39 hours. This is 
probably about as long' a post-foetal life as the deformity would 
ever permit. Most infants are born prematurely ; some of the 
stillborn are macerated, others fresh. The great majority are 
females. In 35 cases to which I have referred 32 were females and 
3 males. The deformity is very characteristic (fig. 3) . There is great 
retroflexion of the head so that the face looks upwards and forwards. 
The head is commonly enlarged. The neck is absent or only 
indicated anteriorly below the clnn. The scalp becomes continuous 
with the skin of the lower part of the back, perhaps as far dovm 
as the sacral region. The skin of the face usually passes directly 
on to that of the chest. The scapulae are pushed aside by the head 
and are laterally situated. The shoulders become more anterior 
than normally. The bony abnormality is in the occiput, the cervical 
spinal column and a variable length of the spine below this. In 
many cases there is an encephalocele at the back of the head where 
it joins the back, and there may be a defect in the skin covering it. 
Other abnormahties are very common, particularly umbilical and 
diaphragmatic hernia, talipes and fusion of ribs. Less commonly 
recorded deformities are malformations of the mouth, sacral spina 
bifida, sacralisation of the fifth lumbar vertebra, celosomia and 
hydrocephalus. Deformities which have been recorded once each 
are,hare-lip, cleft uvula, common mesentery to the colon and small 
intestine, cyclopia, abnormally short umbilical cord, malformation 
of the kidneys, origin of gluteus maximus from the occiput, origin 
of external oblique from the clavicle, imperforate anus and absence 
of umbilical artery. Hydramnios in the mother is not uncommon, 
especially where there is a defect in the skin over an encephalocele. 
The most important descriptions of the deformity are those of Lewis 
(1897), Ballantyne (1904) and Abbott and LooMiart (1905). 

A CASE OF Klippee-Feil stkubome 
Clinical history 

The infant was the result of a first pregnancy. The labour was rapid and 
the presentation vertex. The infant, a male, weighed 6 lb, 5 oz. at birth 
and was probably slightly premature. The right upper limb was noticed 
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soon after birth to be stiff and this led to a diagnosis of cerebral hainiorrliage 
Later, signs of spastic quadriplegia were observ ed Tlie infant was cj anosed 
and a systolic murmur was heard all o\ er the precordmm He failed to thru e 
and died at 9 weeks He was demonstrated at the Royal Society of Medicine 
by MacKenzio (1937 38) 


Post moriem findings 

Summary of ilacropsy (PM 261/1938) Klippel Foil deformities Con 
gemtal raaldov elopment of heart and great vessels Old cerebral hsemorrliage 
Congestion of spleen, kidneys, thjToid and pancreas CEdema and simple 
atrophy of liver Congestion and areas of collapse and of desquamative 
catnrrli m lungs Accidental mvolution of the thjnnus Wasted infant 

Weight bodj 2127 g, liver 71 g, kidnejs 14 g, suprarenals 2 1 g, 
spleen 7 g , thyroid 0 85 g , thymus 0 8 g , pancreas 2 85 g , testes 0 o5 g , 
pituitary 0 075 g , brain 404 g Length of body 47 cm 

External Klippel Fed deformities The neck was very short and the 
hair line reached at the back the lev el of the first dorsal spine The head was 
fle'^ed backwards and bent very shghtly over to the right, the bodj of the 
lower jaw bemg horizontal Mov ement of the head was greatlj limited m all 
directions There was conspicuous webbmg of the skin at the sides of the 
neck, due to the outer borders of the trapezius muscles passmg almost directlj 
from the occiput to the outer ends of the spmes of the scapulre The scapul® 
were winged 

RUppel Fed deformities of bones and brain The posterior cranial fossa 
was small and flattened and the left lateral sinus appeared abnormallj large 
(1 3x0 8 cm m largest cross section) TJie foramen magnum was enlarged 
and oval (3 4 cm m sagittal diameter X 2 3 cm ) and reached backwards to 
the e-rtemal occipital protuberance (fig 1) The atlas was represented by an 
anterior arch and a lateral mass on eacli side, the posterior arch being absent 
Each lateral mass had on mfenor and superior articular surface and a 
transverse process with a foramen for the vertebral nrterj The lateral part 
of each lateral mass and part of their transverse processes were ossified , 
the remamder of the atlas was cartilagmous The jomt capsules between 
the atlas and the occiput were thick and permitted no movement of the 
jomts The left mfenor articular surface was directed downwards and 
reached to 0 2 cm from the raidime Tiio right inferior articular surface, 
however, was directed downwards and mwards, reached to 0 4 cm from the 
midlmo and lay at a level 0 2 cm below that of the left There were four 
partly ossified cervical v ertebral bodies (fig 2) The lower three were normal 
in shape and could be definitely identified as the fifth, sixth and seventh 
The uppermost was abnormal in shape being 0 8 cm high on the left and 
0 5 cm on the right It contained three separate bony centres of different 
sizes The largest lay on the left and showed twonotches m its outer border 
It probably represented the fused lateral centres of the third and fourth 
cervical bodies The smallest lay just to the right of the midlme posterior 
to and between the upper parts of the two larger centres It probably 
represented the displaced right lateral centre for the second cervical body 
Tliat this uppermost body certainly represented the second, third and fourth 
bodies was shown by its carrying the corresponding pedicles (see below) 
Its right superior articular surface was displaced to articulate with the 
displaced right inferior surface of the atlas Tlie tUtmg of the head to the 
right probably depended upon tlie displacement to the midlme of the right 
centre of the second cervneal vertebral body having made this abnormal 
uppermost body shorter on the right side than on the left Six pedicles 
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were present on either side in the cervical region. The first, second and 
third on either side were attached to the abnormally shaped uppermost body 
and represented the pedicles of the second, third and fourth vertebrse. The 
fourth, fifth and sixth pedicles were attached respectively to the normally 
shaped second, third and fourth bodies and imdoubtedly represented the 
pedicles of the fifth, sixth and seventh vertebra3. Transverse processes with 
foramina for the vertebral artery were present on either side. Those on the 
right were crowded together because of the tilting of the head to the right 
and occupied a vertical length of 0-8 cm. while the left occupied 1-4 cm. 
Cervical lamhue were present but fusion had occurred with reduction in 
number to two right and four left. The first left lamina arose from the first 
pedicle, the second from the second and third pedicles, the third from the 
fourth pedicle and the fourth from the fifth and sixth pedicles. The first 
lamina belonged therefore to the second cervical vertebra, the second to the 
third and foiuth vertebrse, the third to the fifth vertebra and the fourth to 
the sixth and seventh vertebras. The first right lamina arose from the first, 
second, third and fourth pedicles and formed a plate of bone. The second 
arose from the fifth and sixth pedicles. The first right lamina belonged there- 
fore to the second, tliird, fourth and fifth cervical vertebrse and the second to 
the sixth and seventh vertebr®. The laminse on either side were closely 
bound together by fibrous tissue and were directed downwards, backwards 
and inwards. The upper border of the first right lamina was directed down- 
wards more sharply than that of the left. The posterior ends of the laminse 
did not fuse with those of the other side and so a posterior cervical spina 
bifida was present. The ends on either side were covered with cartilages which 
fused to form a bar, and each bar joined below in the midline its fellow of 
the opposite side and a mass of cartilage representing the fused spines of the 
upper three thoracic vertebra. The lateral and posterior borders of the 
foramen magnum were closely xmited by fibrous tissue to the upper borders 
of the first laminae, the cartilaginous bars uniting on each side the posterior 
ends of the lamina. This close application of the foramen magntim to 
the borders of the spina bifida accounted for the backward tilting of 
the head. 

The body of the third thoracic vertebra had two centres of equal size 
(fig. 2). The bodies of the first, second and foiuth thoracic vertebra had 
grooves in the middle of their upper, lower and posterior surfaces, imperfectly 
dividing them vertically into two. 

In the cervical and upper half of the thoracic spine no intervertebral 
discs could be recognised. The cartOages between the bodies were wliite 
and firm. In the lower thoracic and lumbar spine intervertebral discs were 
present, the centres of the cartilages between the bodies being grey and 
pulpy. Spina bifida occulta was present in the region of the lower three 
sacral vertebra. 

The posterior angles of the upper four ribs were more acute than normallj’’, 
especially on the left side, and the parts of the ribs anterior to the posterior 
angles were almost straight. The first and second left ribs were fused except 
at the posterior angle, where a fissure 0-5 cm. long separated them. The 
intercostal space between the first and second right ribs was unusually wide 
(0-5 cm. wide). The bony part of the fourth right rib ended 1-2 cm. behind 
the line of the costo-chondral junctions of the other right ribs, and the bone 
passed into a tliin atrophic costal cartilage without any of the swelling 
present at the other costo-chondral junctions. 

Tlie cerebellum was flattened in correspondence with the flattening of 
the posterior fossa. A little of the under surface of the left hemisphere pro- 
truded tluough the foramen magnum and an antero-posterior groove, 2-5 cm. 



ic 1 -- Klippol Fell Rjndrome Fic J— -Klippel Foil s\ndromc R'ldiograph of pirtly 
PartU <li<?»pctetl skeleton njth <li^^ccto<l skelolon witli occiput foiiiblv ele\flte(l to 
skull and lateral of the shocr the slato of the cerMcal column Pm m first 

atlas separated from the ro thoracic \ertobrnl bodj A right lateral nins» of the 

mamder so as to reveal the atlas B first nght cervical latntm C second nght 

posterior spina bifida and elon cervical lamina Two bonv centres m the third 

gated medulla witli its prominent thoracic vertebral bodv an I incomplete fusion of tvro 

restifonn bodies hounding the centres to the bodies of the first second and fourth 

fourth V ontricle thoracic v ertebra 
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from tho midline, had been fonned upon it. TIio medulla was considornbly 
elongated (3 cm. long) ; all but its uppermost part lay behind tho cervical 
vertebral bodies, while its lower end reached tho lower border of tho first 
dorsal vertebral body (fig. I). Tlio fourth ventricle was correspondingly 
elongated and was bounded laterally by prominent rcstiform bodies. 

Cardiovascular devtlop-mtntal ahnwyialitiea. Tho foramen ovalo was 
patent (0‘7 cm. diameter). Tlioro was a patency (0-35 cm. diameter) in tho 
inter\’entricular septum immediately anterior to tho pars mombranacoa 
septi. The aorta arose from tho right ventricle and lay in tho usual position 
of the pulmonary artorj'. Tlio pvdmonary arterj' was thin-walled and lay in 
the usual position of tho ascending aorta, but continued as o canal (0‘3 cm. 
diameter) which passed obliquely through tho upper and anterior part of 
the interventricular septum just below tlio patency to open into tho ijght 
ventricle without communicating with tho left. TIio ductus arteriosus was 
very small but patent (0*15 cm. diameter). 

Old hccuiorrhagcs in the 6ratn. TJicro was a firm white area (1 cm. 
diameter) of old hfcmorrhngo, mottled with nistj' areas and flecked with 
opaque yellow lipoid, beneath tho ependjTna over the outer and posterior 
aspect of tlio anterior horn of tho left lateral ventricle, with two extensions 
(1 cm. long) into tlie subjacent wliite matter. A second area of old ha?mor- 
rhage (1*CX0*5 cm.) lay in tho subcortical white matter of tho uppfer and 
posterior part of tho left parietal region and was firm, whito and flecked 
with yellow lipoid. A thirtl similar area (1x0*4 cm.) lay beneath tho 
opendjTTia of the descending hom of tho loft lateral ventricle. 

^ficroscopically the first area showed proliferation of fibrillarj’ astrocytes, 
some of which were rounded and had abundant cytoplasm. TJio ependjTnal 
cells over the area were elongated by processes containing glial fibrils which 
extended into it. Tliero were numerous cholcsteroI-cster phagocytes in tho 
area, partly scattered, forming small groups, partly producing a largo streak. 
In the streak there was some intra- and extra-cellular amorphous hromatoidin 
and granular lijemosidorin. Some of tho hajmosiderin granules were stained 
dark brown or almost black by Ehrlich’s hfematoxjdin owing to tho 
presence of traces of ferrous iron mixed with the feme. In tho areas of 
gliosis there were niunerous granxiles, some fused to form small plaques 
up to 12 ft diameter, of material stained deop bluc-black by Ehrlich’s 
hasmatoxylin, giving Kossa’s reaction, staining stronglj’' for ferric iron and 
slightly for ferrous and showing tlio presence of calcium by production of 
gypsum crj'stals with sulphuric acid. Some of these granules were in colls, 
apparently degenerated phagocj^es, others were free. In frozen sections 
ciystals of hemoglobin were present in the streak of phagocytes. 

, Comment 

The case presents the classical features of the Klippel-Feil 
syndrome in the shortening of the neclc, low hair-line and limitation 
of movements of the head. TJio essential bony abnormalities 
appeared to he as follows : failure of union in the midline of 
bilaterally formed centres in the second, third and fourth cervical 
vertebral bodies ; fusion of most of these lateral centres on eacli 
side ; failure of union, or incomplete union, of bilaterally formed 
centres in the first, second, third and fourth thoracic vertebral 
bodies ; absence of intervertebral discs between the cervical and 
upper six thoracic vertebral bodies ; posterior cervical spina bifida ; 
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fusion of sevGral cervical laminae. There was an apparent numerical 
reduction of laminae and bodies, but it was not real and was only 
produced by fusion. Bardeen (1910) stated that in the normal 
development of the vertebrae the cartilaginous bodies were formed 
in two centres of chondrification which soon united. Usually there 
was only one centre of ossification, but occasionally two. I do not 
consider, therefore, the formation of the bodies from two centres of 
ossification to be abnormal, but their failure of union, or imperfect 
union, by the time of infancy is certainly abnormal. 

It is difficult to compare the bony lesions in my case with those 
described in the literature, whether as revealed by X-rays or at the 
rare necropsies. Posterior spina bifida appears to be constant, 
although in a few eases it was not seen in radiographs. In a few cases 
it appeared in radiographs to be limited to the lower cervical region, 
but in all others it affected the atlas and a variable number of 
subjacent vertebrae. I do not know of cases showing anterior 
spina bifida, but there is no reason why this should not 
occasionally occur from non-union of the bilaterally formed 
centres of chondrification and consequent complete separation of 
two centres of ossification. Fusion of vertebrae is ’constant but 
variable in degree. With fusion of only two vertebra or parts of 
two vertebra, it is quite possible that posterior spina bifida would 
be absent, but in such cases the malformation would be too slight 
to show the Klippel-Feil S3mdrome. The degree of bony fusion 
undoubtedly varies with age as well as with severitj’’ of the 
abnormality. In many of the examples in adults the cervical and 
many of the upper thoracic vertebra have been fused into one 
mass in which separate vertebra could be recognised only by the 
transverse processes or other parts of the arches. In my case, if 
the subject had lived, not only the cartilaginous bars joining on either 
side the posterior free ends of the cervical lamina, but the cartilage 
between the bony centres of the cervical and upper thoracic bodies 
would have become ossified, the latter because of the absence of 
intervertebral discs. A single bony mass would thus have been 
formed. The transverse processes, pedicles and reduced number of 
cervical lamina would still have been distinct and recognisable, 
however, because they had been separated by connective tissue 
and not joined by cartilage. The atlas would hljewise have remained 
separate, both from the occiput and from the remainder of the 
cervical column. An appearance would have resulted hke that 
in Klippel and Foil’s case and case 6 of Feller and Sternberg, both 
of which were adults. The condition in Feller and Sternberg’s 
case 3, an infant, resembles that in mine. They called the upper 
of the three cervical bodies present the atlas, but since the atlas 
has no body, their upper body probably represented the axis and 
perhaps also the body of the third cervical vertebra. In most cases 



KLIPPELFEIL SYNDBOME AND INIENCnPHALY 123 

the atlas lias been separate from the occiput In a few cases they 
have been fused, as shown at necropsy (by ilitchell) or by X rays 
Evidence m the literature of tho non union or mcomplete union 
of bilaterally formed centres is scanty In Eeller and Sternberg’s 
case 6 the fifth thoracic body showed a ridge suggesting an origin 
from tv o centres and in their case 4 the first thoracic body w as divided 
vertically into two separate parts, wlule the third thoracic vas 
similarly divided into tvo parts jomed by a narrow bndge 

Evidence of true numerical reduction of vertebrfe or parts of 
\ ertebrre by congenital absence is present only m a few cases 

In Feller and Sternberg’s case 3 the second thoracic body was 
represented by one lateral nucleus In their case 4 the second 
thoracic vertebral body was represented by one lateral nucleus, 
which was joined to the body below A contralateral nucleus had 
probably failed to appear in these vertebras A similar condition 
has been shovn by X rays, for instance by Od^n (1934) m the 
seventh cer\ncal vertebra, and by Hadley (1940) m the sixth cervical 
In my case the foramen magnum was shghtly enlarged and its 
posterior and lateral borders vere bound by fibrous tissue to the 
borders of the apma bifida, thus accounting for the slight retroflexion 
of the head A smiilar occurrence has been reported in several 
cases In other cases, especially those with forvard flexion of the 
head, the gap over the epma bifida may have been bridged by 
membranes and not by the occipital bone Teil, Lebleu and Fischer 
described a case with a henna through the postenor spma bifida, 
apparent!}' an encephalocele tins appears to be unique 

Deformities of the central nervous system have not been recorded 
in the literature One would expect the prolapse and elongation of 
the medulla seen in my case to occur frequently Some of the 
nervous symptoms that have been described, such as quadriplegia, 
paraplegia or hemiplegia, may have been the result of this condition 
In my case tho cause of the quadriplegia is open to doubt, because 
there were old hsemorrhages in the brain The absence of hydro 
cephalus showed that the defonnity of the medulla had produced 
no obstruction to the flow of cerebro spinal flmd 

A CASE or INIENCEPHAIjY 
Ohstelnc history 

The mother was a primipara and developed liydranmios at 32 weeks 
X rays then showed acute lordosis of the fcetal cervical spinal column 
Pyelitis of pregnancy de\ eloped Labour was normal The fcetus, a male, 
was stillborn 

Post mortem findings 

Summary of necropsy (P M 60/1940 ) Iniencephaly Congenital mal 
development of heart and vessels, mouth, lungs, mesenteric attachments, 
intestines, kidneys, lu-mary bladder, oesophagus, pancreas and thymus 
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fusion of several cervical laminse. There was an apparent numerical 
reduction of laminae and bodies, but it was not real and was only 
produced by fusion. Bardeen (1910) stated that in the normal 
development of the vertebrae the cartilaginous bodies were formed 
in two centres of chondrification which soon united. Usually there 
was only one centre of ossification, but occasionally two. I do not 
consider, therefore, the formation of the bodies from two centres of 
ossification to be abnormal, but their failure of union, or imperfect 
union, by the time of infancy is certainly abnormal. 

It is difficult to compare the bony lesions in my case with those 
described in the literature, whether as revealed by X-rays or at the 
rare necropsies. Posterior spina bifida appears to be constant, 
although in a few cases it was not seen in radiographs. In a few cases 
it appeared in radiographs to be limited to the lower cervical region, 
but in all others it affected the atlas and a variable number of 
subjacent vertebra. I do not know of cases shovdng anterior 
spina bifida, but there is no reason why this should not 
occasionally occur from non-union of the bilaterally formed 
centres of chondrification and consequent complete separation of 
two centres of ossification. Fusion of vertebrae is constant but 
variable in degree. With fusion of only two vertebrae or parts of 
two vertebrae, it is quite possible that posterior spina bifida would 
be absent, but in such cases the malformation would be too slight 
to show the KMppel-Feil syndrome. The degree of bony fusion 
xmdoubtedly varies with age as well as with severity of the 
abnormality. In many of the examples in adults the cervical and 
many of the upper thoracic vertebrae have been fused into one 
mass in which separate vertebrae could be recognised only by the 
transverse processes or other parts of the arches. In my case, if 
the subject had lived, not only the cartilaginous bars joining on either 
side the posterior free ends of the cervical laminae, but the cartilage 
between the bony centres of the cervical and upper thoracic bodies 
would have become ossified, the latter because of the absence of 
intervertebral discs. A single bony mass would thus have been 
formed. The transverse processes, pedicles and reduced number of 
cervical laminae would still have been distinct and recognisable, 
however, because they had been separated by connective tissue 
and not joined by cartilage. The atlas would likewise have remained 
separate, both from the occiput and from the remainder of the 
cervical column. An appearance would have resulted like that 
in Klippel and Feil’s case and case 6 of Feller and Sternberg, both 
of which were adults. The condition in FeUer and Sternberg s 
case 3, an infant, resembles that in mine. They called the upper 
of the three cervical bodies present the atlas, but since the atlas 
has no body, their upper body probably represented the axis and 
perhaps also the body of the third cervical vertebra. In most cases 
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thoracic arches and bodies and numbered from above do'vra (fig 4) The lejt 
cermco thorac^c arclioa were nine m number 1, 1 cm long, probably belonged 
to the ssecond cervical ■vertebra, 2, a triangular plate of bone 1 cm long 
■vrith three pedicles, probably belonged to the third, fourth and fifth cervncal 
V ertebn? , 3 and 4, 0 7 era longt probably belonged to the sixth and sev entli 
cervical vertebral , 6, a triangular plate of bone with se\eral pedicles, 
corresponded to the •upper fiv o ribs and so belonged to tho upper fiv e thoracic 
vertebns , C, 7, 8 and 9 corresponded to ribs and vertebrie of similar numerical 
\aluo The right cervico thoracic arches were twelve in number 1 4 were 
similar to the left , 6 12 belonged to the second to the ninth thoracic vertebnj 
inclusive and increased in size from above downwards, 6 being verj small 
and rudimentary No right arch corresponding to the first thoracic \ ertebra 
was foimd Transverse processes were absent on the cervico thoracic arches 
1 4, rudimentary on those representing the upper thoracic vertebral arches 



Fic 4 — Iniencephaly Diagrammatic representation of tho bony deformity The 
abnormal corvico thoracic v ertobral arches are numbered 1 9 on tho left side 
and 1 12 on the right bodies are numbered I VI on the left side and I Hi 
on the right 

and well developed on the remamder Tlie hjl cervico thoracic bodies were six. 
in number I, a cubical bone with tho comers rounded off, was applied to 
tho upper end of the left cervico thoracic arch 1 and had an articular surface 
on its upper aspect corresponding ■with another on tho imder surface of the 
occipital, it probably represented the left lateral centre of the second 
cervucal yertebra (the atlas bemg absent), or possibly tho lateral mass of the 
atlas because of its articulation with tho exoccipital , II, a rectangular bone 
with tlie comers rounded off and a groove m the middle of its under surface, 
lay above arches 3 and 4 and represented the fused left centres of two cervical 
bodies, probably the sixth and seventh , III, a small rectangular bone, laj 
adjacent to the upper part of tho cervico thoracic arch 6 and probablj 
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represented the left centre of either the first or second thoracic vertebra ; 
W, a long rectangular bone with two grooves in its surface, lay adjacent to 
the inner end of the cervico-thoracic arch 5 ; it probably represented the 
fused left centres of three upper thoracic vertebral bodies, possibly the third, 
fourth and fifth ; V, a bone shaped like body 11, lay opposite the cervicO' 
thoracic arches 6 and 7 and probably represented the fused left centres of 
the bodies of the sixth and seventh thoracic vertebras ; VI lay in the midline ; 
its high left side was notched in the centre and corresponded in position to 
the left cervico-thoracic arches 8 and 9, while its low right side corresponded 
to the right arch 12, the bone being the ninth thoracic body fused with the 
left centre of the eighth. The right cervico-thoracic bodies were three in 
number ; I was sumlar to that on the left side ; II lay adjacent to the inner 
ends of the right cervico-thoracic arches 7, 8 and 9, was divided into three 
indistinct parts by grooves and probably represented the fused right centres 
of the fourth, fifth and sixth thoracic vertebral bodies ; m, a rectangular 
bone with a groove in the centre of its outer smface, lay adjacent to the 
inner ends of the right cervico-thoracic arches 10 and 11 and represented 
the fused right centres of the seventh and eighth thoracic bodies. 

The cervico-thoracic bodies and arches were abnormally orientated. 
Those representing the first to the ninth thoracic vertebr® diverged from 
the midline and bent forwards, both the divergence and forward bend 
increasing from below upwards. The upper ends of the bifid thoracic column 
reached the xmder surfaces of the antero-mesial ends of the exoocipitals close 
to the basioocipital and thus bordered with the occipital a hole in the anterior 
wall of the spinal column. The bodies and arches that represented the 
cervical vertebree were bent backwards and outwards on each side so that ' 
the arches lay almost vertically and their upper ends ran in a line along the 
rmder surfaces of the exoccipitals to the articulation between the oervioo- 
thoracie bodies I and the postero-lateral ends of the exoocipitals. This line 
made an angle of between 70° and 80° with the thoracic coliunn on either 
side. A small recess was formed on each side tmdemeath the exoccipitals 
by the abnormally orientated arches. 

There were twelve ribs on either side. The bony parts of the first ribs 
were veiy short (l-S cm. long), that of the left being very thin (1 mm. in 
diameter). The first left rib was fused with the second near the junction 
of the latter’s anterior and middle thirds. The upper ribs were much squashed 
together at their posterior ends. Tire clavicles were flattened at their 
centres. The lower jaw was delicate and deformed. Its angle was very 
obtuse (about 140°) so that the rami were almost in line with the body. . 
The external surface and the lower border of each lateral half of the body 
ran without any curve to meet at the symphysis at an angle of about 60°. 
The lower border was sharp. The internal surfaces were trav^ersed by 
prominent internal oblique lines. The upper border, however, was 
curved like a horseshoe. The external surfaces sloped upwards and 
inwards to meet it. It was much shorter than the lower border, so that the 
symphysis sloped upwards and backwards at an angle of about 50°, making 
the chin extremely prominent. The symphysis was marked externallj’' by an 
unusually prominent ridge, which ended inferiorly in a sharp-pointed, 
projecting mental protuberance without mental tubercles. 

The brain was very deformed. The corpus callosum and the fomices were 
absent and the hemispheres were united by a transparent film, apparently of 
leptomeninges. The lateral ventricles were greatly dilated and showed no 
differentiation into horns, while their ependjma was mottled with hsemor- 
rhages and showed a number of grey smooth bosses up to 6x4 nun. m ' 
diameter. There were no foramina of Monro. The site of the third ventricle 
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was occupied by a solid mass of groy matter continuous below with a similar 
mass occupying the mid brain There was no trace of an aqueduct There 
were no crura cerebri There was an acute \ontral lankmg of the pons 
and medulla, which together formed a bulbous mass 1 8 cm m diameter, 
the apex lying opposite the liole in the anterior wall of the spmal column 
The mass was flanl».ed on either side by symmetrical protuberances of 
medulla, 1 cm long, wluch lay in the lateral recesses beneath the 
exoccipitals The cerebellar hemigihores were rudimentary (about 1 cm 
in diameter) and la 3 on either side between the brain stem and the 
medullary protuberances There was a cavity, the fourth ventricle, m 
the bram stem at this le\ el Tlus cavity rapidly tapered below the level 
of the protuberances, and the tissue roo^g it tapered to a spur, 0 5 cm 
long, which projected o\er the lumbar enlargement 

Detelopmcntal ahnonnahtics of heart and 'lessels {including vessels tn 
abdomen) There was a patent foramen ovale G mm in diameter and a 
patency (12x7 mm) m the interventricular septum The artery ansmg 
from tlie right ventricle in the usual sit© of the pulmonary artery gave off 
two coronary arteries from sinuses of Valsalva and, after a vertical course 
of 1 5 cm , divided into three branches, the right subclavian and the common 
carotids The bifurcations of the common carotids were unusually low, 
bemg opposite the lower border of the cricoid The artery ansmg from the 
left ventricle m the usual site of the aorta gave off the right and left pulmonary 
arteries 0 8 cm above the v alv e and then arched backwards and downwards 
to become the descendmg thoracic aorta, from which the left subclavian 
arose 2 6 cm beyond the valve A small ductus arteriosus, 2 mm m 
diameter, passed from the descendmg aorta, 1 8 cm beyond the valve, to 
the artery ansmg from the right ventricle The superior vena cava passed 
upwards from the heart in a sheath of poncardimn through the thoracic 
cavity and not in the mediastinum Tlio mtrathoracic inferior vena cava was 
formed by the hepatic veins and the ductus venosus The mtra abdommal 
mferior vena cava passed upwards mto tlie thorax on the right of the aorta 
and arched forwards above the right and accessory limgs to jom the superior 
vena cava The left common and internal iliac arteries were 10 mm , the right 
5 mm m circumference The right hypogastric and one umbilical artery 
were absent 

Other deielopmental abnormalities tn the thorax The lungs were small 
(6x2 5x1 cm ) and the right had only two lobes An accessory right lung 
lay between the supenor vena cava and the arterial trunk ansmg from tlie 
right ventricle It was jomed to the right upper lobe along the lattcr’a 
mesial surface Its bronchus jomed the trachea immediately above tlie 
right mam bronchus The parietal pericardium was absent except on the 
right side, where it passed upwards to form a sheath to the supenor vena cava 

Devdopmental abnormalities tn mouth and neck tissues The right angle 
of the mouth was 1 2 cm from the midlme while the left was 1 7 cm A 
fold of buccal mucosa 6 mm wide and 5 mm high passed from the soft 
palate to the left angle of the mouth, and the lips muted with the fold and not 
with each other There was no mtrathoracic thymus Serial sections of the 
neck organs showed that thymus IH was hypoplastic and represented by a 
rounded mass, 2 5x15 cm , divided mto two lobes, which lay just above 
the stemmn m the midlme There were two small accessory right lower 
parathyroids and one accessory left lower, giving seven parathyroids in all 
One right accessory parathyroid was fused with a small accessory mass of 
thymus III, a thymus lobule HI The mam left lower parathyroid was 
fused in part with trabeculTJ of thyroid tissue Tlie upper part of the thyTo 
glossal duct wos persistent and ran from the foramen cecum to tlie region 
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above and in front of the hyoid. The upper part was lined with squamous, 
the lower with columnar epithelium. There was a small mass of accessory 
thyroid tissue just in front of the middle of the hyoid and just below the 
end of the duct. The cesophagiK was very short and wide (3 cm. long and 
3-5 cm. in circumference) and joined the stomach without any alteration 
of circumference. Its posterior wall was adherent to the red vascular 
connective tissue occupying the hole in the anterior wall of the spinal 
column. There were a few varices in the submueosa. 

Devdojnnental ahnoDuaitties in the. abdomen. There were thirteen acces- ' 
sory spleens, the largest 4 mm. in diameter, grouped like a bunch of grapes 
and attached to the splenic hilum. The left kidney was larger than the right 
and was converted into a reniform mass of thin-walled cysts (the largest 
2x1 cm.). There were a few submiliary areas of hyaline cartilage in the 
remnants of normal kidney tissue or between the cysts. Tlie pancreas, 

9 cm. long, was in two parts. One was attached along the lower part of the 
greater curvature of the stomach, the other ran horizontally below it from 
the main spleen ; the two were united for a short distance near the duodenum. 
The small and large mtestines had a common mesentery. The duodenum 
had a short mesenterJ^ A Meckel’s diverticulum, 11 cm. long, was present 
on the ileum 24 cm. above the c»cum. There was a cyst, 6x3 mm., in the 
peritoneal cavit3^ attached by a fibro-vascular strand, 4 cm. long by 0-6 cm. 
in diameter, to the inner aspect of the umbilicus. Its wall was similar to 
that of the normal small intestine and it contained mucus and desquamated 
cells. It was apparently a segment of the vitelline duet. The urinary bladder 
was pear-shaped, with a tapering end reaching almost to the umbilicus. There 
was a urachal cj'st, T5X0-3 cm., with a wall shnilar to that of the normal 
bladder, in a fibrous cord connecting the bladder to tlie umbilicus. A hernial 
sac 2'6 cm. long and T5 cm. in diameter passed upwards behind the heart 
through the posterior part of the middle of the diaphragm. It had a thin 
peritoneal wall and contained the greater part of the stomach, the spleens 
and the pancreas. 


Comment 

The case shows the typical body deformity of iniencephaly. The 
essential bony abnormalities appeared to be as follows : wide 
separation of bilaterally formed bodies of cervical and upper 
thoracic vertebrae, with the formation of an anterior spina bifida ; 
congenital absence of one or both lateral halves of many cervical 
bodies ; fusion of a variable number of the cervical and upper 
thoracic bodies on either side ; marked posterior spina bifida in 
the cervical and thoracic regions ; fusion of several cervical 
or thoracic laminse ; cleavage of the squamous part of the occipital 
bone. The atlas appeared to be absent. The bones winch articulated 
with the occipitals had the shape of vertebral bodies rather than of 
the lateral masses of the atlas and they were closely related to the 
first arches representing those of the axis. The bones probably 
represented, therefore, the lateral centres of the body of the axis. 
There was a considerable numerical reduction of vertebral bodies 
hr the cervical region from congenital absence, hut the arches, 
although sometimes fused, were all present except the first nght 
thoracic and those of thentlas. The marked cervico-thoracic lordosis 



KLIPPEL FEIL SYNDROME AND INIENOEPHALY 129 


Mas probably secondary to the great deformity of the spine and the 
great retroflexion of the head It Mas formed by the thoracic 
representatives of the abnormal cervico thoracic vertebrae on each 
side bomg deflected outwards and fonvards mcreasmgly from beloiv 
upwards, while the cervical representatives bent outvards and 
backvards from boloM upwaids The anterior spma bifida probably 
resulted from non iimon of the bilaterally formed centres of 
chondrification so that, when the latter Mere ossified, the tvo 
bony centres m each body remamed unconnected 

From the cases m the htorature one can assume that posterior 
spina bifida is constant, while anterior spma bifida is verj’ common 
but probably not constant The posterior spma bifida involves the 
whole cervical region, a vanablo number of thoracic vertebra) and 
sometimes also the lumbar region v Feller and Sternberg’s cases 1, 
2 and 5 weio regaided as cases of Khppel Fed s 3 Tidrome but they 
were undoubtedly cases of mioncephaly of a shghtly mdder degree 
than m my case Anterior spma bifida Mas present m their cases 1 
and 2 but apparently not in case 5 It was also absent m the 
case of Vallois and Vallois (1914) Whether non-umon of bilaterally 
formed centres m the bodies, fusion of these centres on either side 
and congenital absence of some centres are constant cannot bo 
ascertained from cases m the bterature, but they Mere present in 
Feller and Sternberg’s tliree cases Marked cervico thoracic lordosis 
18 reported by most authors and is probably constant The squamous 
part of the occipital bone is usually reported as being in tuo separate 
parts, wrth the same reJatrofia as m my case In Yslhis and 
case the foramen magnum Mas formed but was enormous In their 
figure the squamous part of the occipital appears as if it uero m 
two parts winch met m a suture bolund the foramen magnum An 
encephalocele hermated tlirough a cleft squamous part of the 
occipital or through an enlarged foramen magnum, as in Vallois and 
Vallois’s case, is very common Lewis divided the condition mto 
imencephalus apertus and imencephalus clausus accordmg to 
whether or not there was an encephalocele, and he subdivided 
the former accordmg to Mhether it was small or large The skm 
covermg the encephalocele is m some cases defective Lewis (1897), 
Ballantyne (1904) and HoM^kins and Lawrie (1939) described cases of 
ancncephaly or acrama with great retroflexion of the head resemblmg 
that in miencephaly. This is probably due to an associated 
abnormality m the cervical spine similar to that m imenceplialy 
In two cases mentioned by Lomus there was a defonnity of the 
mouth, but it Mas not quite the same as m my case In another case 
described by him the paM' m his draMung shoMS a deformity not 
unlike that m my case Hayes (1921-22) described a case m mIucIi 
the thymus formed a spherical mass in the nock above the sternum, 
as in my case This condition is not constant because in Ballantyne’s 
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tlireG cases drawings show the tlijonus in its normal position in 
the thorax. 

The cedenia which occurred in mj'’ case was probably cardiac ui 
origin. CEdema of the neck was present in a case of Lends’s and 
AA as probabl}’' cai’diac or mechanical in origui, but he does not 
mention whether congenital morbus cordis was present or not. 

Hydrocephalus has been reported in only a minority of eases 
but it may have been of more frequent occurrence. It might be 
expected to be the result of deformity of the brain secondary to 
that of the bones but in my case it was due to an independent 
abnormality in the brain — absence of the aqueduct of Sylvius. 

COMPABISOSr OF THE DEFORMITIES OF THE KlIPPEL-FeIL 
SYNDROME AND INIENCEPHALY 

Both diseases show non-union of bilaterall3»- formed centres of 
ossification in the bodies of the cervical vertebrse and of a variable 
number of subjacent vertebras, and fusion on each side of some of 
these centres. Posterior spuia bifida and fusion of some laminae 
are present in both. In uuencej)haly probably constantl}’- and in 
the Klippel-Feil syndrome probably rarely there is a congenital- 
absence of centres of chondrification for some bodies on one or both 
sides and so an absence of bonj’’ centres. In iniencephaly there may 
also be congenital absence of arches, but the number absent is not so 
great as that of the bodies. Further, in iniencephaty there is 
commonly in addition an anterior spina bifida and a cleavage of 
the squamous part of the occipital bone. The former results from 
non-union of the bilateral centres of chondrification in the bodies. 
The latter is an extension of the bifid state of the arches of the 
spine to the occiput, and it is this that accomits for the frequency 
of posterior encephalocele in iniencephaty. 

In at least most cases of the Klippel-Feil syndrome and probably 
in all cases of iniencephaly the borders of the foramen magnum, 
or in the case of iniencephaly the inner borders of the cleft squamous 
pai-t of the occipital, are closely apphed to the ^borders of the spina 
bifida. This accounts for the great retroflexion of the head in 
iniencephaly and the shght retroflexion common in the Klippel-Feil 
sjmdi’ome. 

In both conditions other congenital abnormalities are frequent, 
and many are common to both, especially deformities of the ribs 
and spina bifida in the lumbo-sacral region. Congenital morbus 
cordis was common to m3^ cases. 

It is apparent that iniencephaty is a more severe form of the 
same deformit 3 ’^ as that m the Khpiiel-Feil syndrome and is severe 
enough to prevent the subject liidng more than a few hours. Tn 
the Klippel-Feil s3mdrome the patient does not die of the duect 
effects of the deformit3’' but from either associated abnormalities. 
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indirect effects of the defoimity or independent causes In the 
spine in adult hfe in the IClippol Fed syndrome the origmal state of 
the bodies of the vertobrro is> masked by progressive ossification 
fusing the tv,o bony centres present m many of the bodies not 
separated by mtervertobral discs 

In support of my belief that the two deformities are essentially 
the same is the recording by FoUer and Sternberg of 3 undoubted 
cases of imonccphaly as cases of the Klippel-Feil S3Tidrome The 
differences found at necropsy between the deformities in these 3 
cases and m their 8 cases of true Klippel Fed syndrome must have 
appeared so shght that they did not consider the possibdity of two 
separate diseases They did not consider the question of iniencephaly 
at all 

SuMaiAllY 

An e'^ample of the KIippoI Fed syndrome and of iniencephaly 
are described, with a detailed report of the bony deformities found 
at necropsy in each From the similarity of the changes in these 
tvo cases and m cases m the htcraturo described under one or othei 
name it is concluded that the Idippel Fed deformity is a mild 
form of the deformity charactonstic of iniencephaly 
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THE DISTRIBUTION OE FATTY CHANGE IN THE 
KIDNEYS AND SO]\IE FACTORS INFLUENGINa 
ITS PRODUCTION 

J Henky Bible and Geobge PopjAk * 

The UmiCTSity of London 
{Briiiah Post graduate Medical School) 

(Plate VII) 

PART I 

In a previous paper (Bible and Hay, 1940), it has been shovii that 
the fat ■uhich accumulates in the Lidney when animals vith 
sufficient fat reserves are subjected to starvation is localised 
principally in the zone of Herders tubules 

The localisation of the fatty change in heart muscle m the 
inner ^all of the ventricles and papillary muscles enabled us to 
make separate estimations of the fatty and non fatty areas in the 
same heart, to demonstrate quantitatively the extent of the fattj 
infiltration and to dispose, m this instance at any rate, of the 
doctrine of phanerosis a« the explanation of this change (Bible, 1934) 
In the work now described we have carried out analogous 
mvestigations upon the kidney and by separatmg the cortex (winch 
usually showed no visible fat) from tho medulla (which contained 
the fatty zone), we have been able to estimate the fat content of 
those portions of the organ separately and to correlate the extent 
of the mcrease with the degree of histological change 

Technique 

The animals used were rabbits of about 2000 g , all of which were starved 
for a period of sis days In previous experiments this had been shown to 
give tho desired result Water was not withheld At the end of the period 
of fast the animals were killed and examined The kidnej'S were carefully 
dissected, the capsule and pelvic fat being removed as completelj as possible 
The organ was then shced and the fatty and non fatty parts of tho kidney 
were separated In scries I, this consisted of a dissection of the cortex from 
the medulla, which contamed most of the visible fat m its outer zone The 
fat content of the two parts was estimated separately In the experiments 
m senes II a more complete separation was effected, the kidney being divuded 
mto three parts cortex, outer medullary zone (outer and inner stnpes of 
Peter) and inner medullarj zone Tho concentration of fat under the 


* Holding a British Council scholarship, 
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conditions of these experiments in the outer medullary zone has been 
described and- figured by Dible and Hay in this Journal (1940, li, 1 ; figs. 1 
and 4). In neither series of experiments is it claimed that the ’separa- 
tion of the kidney into fatty and non-fatty zones was anytliing more 
than approximate, but it seemed to us sufficiently effective to be certain to 
jneld positive results in the chemical estimations provided the visible fatty 
changes were of the nature of an absolute increase. 

A rough comparative measure of the quantity of storage fat in the 
animals’ bodies was made by taking the combined weight of the omental and 
paravertebral fat deposits in each instance. The fats were estimated by the 
method of Leathes and Baper and the iodine values by Dam’s method. 


Rbsttlts 
Series 1 

These are given in tables I and II, comprising control animals 
and animals subjected to starvation. These results show that 

Tabud I 


Fat content of kidneys of control rabbits (series I). Cortex and medulla 
were examined separately 


Xo. 

Bo(l.v weight 
(g.) 

Kidney 

Body adipose 
tissue (g.) 

Cortex 

Medulla 

Fat content 
(pcrccutago 
of moist w t.) 

Iodine value 

Fat content 
(percentage 
of moist wt.) 

Iodine value 

PS 2 

1230 

2-38 

93 

1-48 

102 

0 

F 1 

2100 

2-33 

84 

1-31 

89 

10 

F 2 

1300 

2-58 

108 

1-47 

98 

0 

F3 

1350 

2*42 

106 

1-49 

89 

0 

■ F4 

2650 

2-63 

104 

1-60 

97 

100 

F 5 

1860 

2-56 

101 

1-51 

96 

10 

Means 

2098 

CO 

V 

99-3 

1-40 

95 

... 


If w© inoluds the figures from table III the mean cortical fat content and iodine 
value would bo 2'64±0-163 and 102 respectively. 


normally there is a great deal of difference between the invisible 
cell-fat content of the cortex and medulla, the respective figures 
for our animals being about 2-6 and 1-5 per cent, of the moist 
weight. Where visible fatty change was produced by starvation 
a slight increase was found in the cortical fat, the mean for which 
was 2-98 as against 2-64 in the control (see footnote, table I), an 
increase of 13 per cent, and a much greater increase in the medulla, 
the relative figures being 2-24 and 1-46 per cent., an increase of 
53-5 per cent. These figures are considerably in excess of most of 
those obtained by Dible and Hay, who found a mean increase of 




Table II 

Fat content of lidneys and liver of rahhtta starved for 6 days {$enes 1} Cortex and mcdidla uere examined separately 
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only about 17 per cent, ia their most successful experiments, when 
the estimations were made on the whole kidney. 

Histologically there was visible fatty change to be seen in 
Scharlach R-stained sections in the meduUa of each of the Iddneys 
of the starved animals. No visible fat was seen in any part of the 
kidney in the control animals. 

Series II 

In these animals estimations were made upon three zones in the 
kidneys : {a) the cortex, (6) the outer zone of the medulla containing 
the portions of Henle’s tubules, wliich showed as a rule the maximum 

Tabije ni 

Fat content of kidneys of control animals (series II). Cortex, Henle zone 


and medidla were eommined separately 





Kidney 



Xo. 

Body 

eight 

Cortex 

Henle zone (H) and medulla (M) 

Body 

adipose 


(g.) 

Fat content 
(percentage of 
moist \\t.) 

Iodine 

value 

Fat content 
(percentage of 
moist \\t.) 

Iodine 

value 

tissue (g.) 

1528 

2600 

2-76 

108 

H 1-79 

M 1-01 

102 

80 

1587 

2090 

2-76 

112 

H 1-73 

M 0-99 

97 

20 

C 1 

2770 

2-75 

96 

H 1-92 

M 1-00 

91 

42 

C2 

2300 

2-71 

100 

H 1-72 

M 1-03 

85 

14 

C3 

2450 

2-91 

99 

H 1-96 

M 1-15 

92 

30 

C4 

1920 

2-71 

102 

H 1-72 
, M 0-98 

103 

0 

C5 

2430 

2-67 

107 

H 1-82 

M 1-14 

100 

19 

C6 

2320 

2-73 

105 

H 1-92 

M 1-43 

85 

30 

C7 

2650 

2-74 

100 

H 1-79 

M 0-79 

97 

80 

C8 

3000 

2-54 

104 

H 1-75 

M 1-00 

89 

90 

Means 

, 

2513 

2-73±0-087 

103 

H l-81±-086 

M l-05±-154 

94 



If we include the figures from table I, the mean cortical fat content and iodine 
value would be 2-64±0-153 and 102 respectively. 
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degree of fatty change (referred to as the “ Henle zone ”) and (c) the 
remainder of the medulla, irhich Tias usually devoid of fatty change 
‘ In addition to the starved ammals ive have moluded in this series 
t-no other ammals -svlnoh died in the laboratory durmg our expen 
ments and uhioli shoved fatty kidneys The results in senes ll 
are given in gross m tables III and TVi In the analysis of these 
results it IS legitimate to exclude no 11, vluoh faded to develop 
fattj change in its kidneys 

The mean figures for the controls and for those experimental 
ammals in this series which developed the fatty change are as 
follows 



Cortex 

Henle zone 

Medulla 

Controls 

2 C4 

1 81 

1 05 

Staned anunaU 

2 97 

2 71 

1 15 

Percentage increase 

12 5 

40 7 

92 


These figures further emphasise the very different quantities of 
cell fat vluoh are normal to the different zones of the kidney In 
the rabbit the cortex has the highest content of essential fat, nest 
comes the Henle zone of the medulla (the outer and mner stripes 
of Petei), and finally the inner zone of the medulla, winch consists 
very largely of colleotmg tubules It is, therefore, of considerable 
significance that the ratio of fat content between cortex and Henle 
zone, V Inch is normally about 3 2, is greatly reduced m the fatty 
ludne3S and that m some instances (animals 6, 12, 13, 16 and 1526) 
the percentage of fat in the Henle zone actually exceeds that m the 
medulla This finding clearly pomts to infiltration as bemg the 
meohamsm of the fatty change 

Further analysis of the results m senes II 
In certam of these experiments, which will be considered in the 
second part of this paper, a factor — abnormal temperature — the 
sigmficance of which had not previously been considered, influenced 
the results, so that those given m table IV, which mcludes all the 
animals m this senes, are not strictly comparable with one another 
The ammals involved were nos D 14 to D 22 if wo exclude these 
the corrected means are as follows 



Cortex 

Henle zone 

^ledulla 

Controls 

2 64 

1 81 

1 05 

Star\©d animals 

3 01 

2 95 

1 17 

Percentage increase . 

14 0 

62 0 

11 0 
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Fattv ciianoe in kidneys 



FitJ. I. — Rabbit DO. (+ + ++)• Series 11. Fio. 2 . — Rabbit D 12. (+ + + )• Sorioa II 
Fflt content of Henle zone, Jl-77 per cent Fat content of Honle zone, 3*41 per cent. 

Xll2. X 112. 



Fio. 3. — Robbit D3 (-!-+)• Series I. Fat Fio. 4. — Rabbit D13. Shows fatty elmngo in 
content of modulla (right kidney), 2.28 per kidney cortex P'tt content, 3-45 

cent. X 112. percent. xl43. 


In figs. 1 -3 tho coarse fat globules oro in th© wide descending part of the Henlo 
tubule : the fine grnmtlos oro in tlio wide ascending limb. 
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This increase in fat in the Henlo zona, -which is out of ail 
proportion to the increase in the other zones of tho kidney, is 
partioularl}' sfcrildng. 

Histology. Tho intensity of the fatty change as seen in frozen 
sections stained ivith Soliarlach R is indicated in tho tables by 
conventional signs to — f-++) and is illustrated in figs. 1-4. 
Tho fat in all cases ivas isotropic. In only two animals (D 10 and 
D 13) did we detect any fatty change in the cortex and in the only 
animal (D 13) in which this change was well marked tho highest 


D IIOEUaL pat coutebt 




Fio. 5. — Relationship of fat content of (A) zone of Henlo’a tubules and 
(B) livor fat to bodily adiposity. 


fat content was found. In the medulla tho distribution of the fatty 
change was mainly in the broad portions of the ascending and 
descending limbs of Honle, and here tho correlation between the 
estimation and the histological picture -was well marked. 

Correlation with fat reserves. The tables show the weight of the 
fat in the omentum and paravertebral regions. A general correlation 
between this and the quantity of fat appearing in the kidneys and 
in the liver is apparent (fig. 5). We liave previously shovvn this to 
bo a usual finding in organs in which fat mobilised from tho depots 
accumulates in parenchymatous cells ; such a relationship in the 
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kidney is therefore some evidence that the mechanism of the change 
is the same. This correlation, wliich is obvious in the earlier cases in 
table IV, is less obvious in animals D 14 to D 22, -when they are 
considered with the other animals in tliis table. These, however, 
were all exposed to abnormal temperatures ; this, as we shall 
show, causes considerable metabolic disturbance which must be 
taken into account. ^ 

One other point may be mentioned in this connection.. Included 
in table IV are a number of animals which possessed only slight fat 
reserves at the conclusion of the experiments. As is to be expected, 
the degree of fatty change in the organs of most of these was minimal 



Fig. O.z — ^Iiiver fat content (per cent.) plotted against iodine values. Continuous 
curve calculated on the assumption that the increased fat content is due to infiltra- 
tion by mobilised depot fat. sign = actual findings. 


and consequently the summarisation of the results as means, though 
convenient for presentation, fails to give a true picture of the extent 
of the change which can occur. This factor could have been largely 
eliminated if it had been possible to make sure that all the animals 
had adequate fat reserves before the stimulus of starvation was 
applied. Circumstances, however, prevented this. 

Iodine values. These have been estimated in most cases. The. 
iodine value’ of the depot fat of eighteen rabbits has been estimated 
and found to vary rather widely between 58 and 76, with a mean 
of 66-1±'^'2- Since the iodine value of the combined (masked) fat 
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of the kidney is considerably higher (cortex, mean value about 103 , 
medulla and Henle zone,* about 95), it may be expected that an 
infiltration of depot fat should produce a significant lowering of the 
figure for the fat in the affected cells This is the case Thus the 
Henle zone of ammal D G contams about double the normal quantity 
of fat winch has an lodme value of 75 , this is approximately what 
would be expected if an equal amount 
of depot fat of an iodine value of 6C 
were added to the same quantity of 
cellular fat of an lodmo value of 95 
Tins hne of reasomng has been often 
used as evidence that the fat m the 
cells comes from outside and it has 
been shown that m the liver and 
heart tlie theoretical and actual 
values for a certain percentage of fat 
closely correspond (Imrio, 1914 15, 

1922, Dible. 1934, 1938 39) The 
actual and theoretical relationships 
in the liver in our two series are 
shown m fig 6, and m the Henle 
zone of the kidney, in the experi- 
ments we are now considermg, in 
fig 7 This sort of illustration of 
the change in the iodine value of 
cell fat by infiltration of fat of a 
loner value from outside is apt to 
be less striking m animals such as 
rabbits than in parallel observations 
m man, for the following reasons 
Firstly, in man there is usually a 
greater difference between the iodine value of the essential {dliment 
constant) fat and that of the depot fat than there is m these 
ammals , and secondly, in the latter there is wider vanation in 
the iodine value of the depot fat, due presumably to wder 
variations in diet 



FAT COIITEIIT PER CEIJT 
Fig 7 — Kjdnoy fat content of 
Henle zone plotted against iodine 
\alu©3 (4- signs) The two 
theoretical curves based upon 
the highest (103) and louost (85) 
normal figures foimd for this zone 
are drawn on the assumption that 
an> iDcroose is duo to infiltration 
with mobilised depot fat (I V 66) 


PART II 

The iNFiiUENCE or tebipeeatuiie upon tat 

MOBILISATION IN STARVATION 

We have already commented upon the fact that in the course 
of these experiments a number of observations were made -ulucli 
did not fit into the general trend of tho results and those of previous 
experiments of this ty^pe It is customary’’ for the fatty change to 



142 


J. H. BIBLE AND O. POPJAK 


be developed best 'in animals which have abundant reserves of depot 
fat and there is, as a rule, a rough mathematical correlation between 
the quantities infiltrating the organs and those present in the depots. 
Reference to fig. 5 and table IV will show that there are a number 
of animals, e.g. D 14 and 15, which, whilst possessing good fat 
reserves, failed to show the expected change -in the kidneys or 
liver to any but a slight degree. In casting about for an explanation 
of this phenomenon it was noticed that the experiments in question 
had been -carried out at a time in winter when the windows of the 
laboratory had been broken by German bombs, and in consequence 
the temperature had fallen to unusually low levels. This possibility 
was explored and the other animals in the latter part of table IV 
(D 16 to D 22) were expressly used to investigate the effect of 
temperature. 

It has been shown by Bible (1932) and Bible and Libman (1934) 
that the degree of fatty change which develops in experimental 
animals during starvation depends on the quantity of fat reserves 
the animals possess. In our experiments, therefore, the animals in 
which the effect of temperature on fat mobilisation can be compared 
are those which possess approximately the same amount of depot 
fat. Thus, it is justifiable to leave out of this land of comparison 
at least animals B 2, B 9 and B 11 (see tables II and W). The 
analyses of our results regarding the effect of temperature on fat 
mobilisation are presented in tables V and VI. We include 

Tabub V 


Animals starved at moderate or raised temperature 


Animals 

Kidney: Henlc 
zone fat content 
(percentage of 
moist weight) 

Liver fat content 
(percentage of 
moist weight) 

Body adipose 
tissue (g.) 

Temperature 

during 

experiments 

D 3 (series I) 


9-23 

25-0 

Room temp. 

X'4 


5-84 

17-0 


D5 


5-40 

5-0 

9f ft 

D 6 (series II) 

3-77 

1401 

45-0 

>> 

D7 

2-59 

4-44 

4-0 

>> 

D8 

2-85 

601 

17-0 

>» >» 

D 10 „ 

2-35 

417 

3-0 

»» if 

D 12 „ 

3-41 

10-56 

15-0 

ft fi 

D 13 „ 

3-94 

13-35 

60-0 


D22 ,. 

2-83 

9-20 

25-0 

25°-27° C. 

Means 

3-11 

8-22 

21-6 



among the animals which were starved at room temperature B 5, 
B 7 and B 10, although they had less fat reserves than any of the 
rabbits starved at lower temperatures. < 
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It is clear from these results that a lo'ir external temperature 
exercises a marked influence upon the quantity of fat accumulating 
in the parenchjnnatoua tissues under the conditions Of our experi- 
ments. Ohta (1940) in a recent paper reported similar results 
with rats. 

Table VI 

Anwwls starved at low tempo atures 


Vninials 

KIdnej Hfnle 
zone fat rantent 
(PQTCcnfxpP of 
moht wiiitlit) 

Li\cr fat content 
(pcrecntaEc of 
moist iTcipht) 

Body adipose 
tiasue (g ) 

Tcmpfnfiire 

cturiiiE 

c\rtriments 

D 14 (senes II) 

2 31 

.5-C3 

42 0 

4®-10* C. 

D 15 

2 31 

fi 17 

20 0 

4“-10’ C. 

D 16 

2 53 

3 25 

30 0 

0’-10= C. 

D 17 

2 03 

4 27 

9 0 

0° 9® C. 

D20 

2 30 

4 76 

10 0 

3° 10'’ C. 

Means 

2 31 

4 62 

25 S 

’ 


The comparative mean figures for the relevant tissues in the 
animals starved at room temperature and in the cold are as follows. 



IIcolc zone fat 
content 
(percenCaBc of 
moist weight) 

User fat content 
(percentage of 
moist weight) 

Bod? Adipose 
tissue (g ) 

Room temporatiiro 

3 U 

8 22 

21 0 

Cold 

2 31 

4 02 

25 8 


This difference is emphasised by the fact that, on the whole, 
the animals kept in the cold liad slightly larger fat depots than 
those starved at room temperature. It should be noted that the 
animals v ere in open wire cages and ^rore wooden collars to prevent 
them eating their foces. These collars and the confined space limited 
movements and they sat hunclied up and relatively motionless. The 
effect on the mobilised fat is what might have been anticipated : 
the animals at a low temperature consume more fat to provide 
bodil}’’ heat and consequently the accumulations in the parenchy- 
matous organs are diminished. 

This assumption — ^that there is an increased consumption of 
mobilised neutral fat in animals kept in the cold — was tested by 
obsendng if there was any disturbance of the neutral fat/cholesterol 
ratio in the blood. Increased fat mobilisation in starvation leads 
to an increase in tlxo blood fat and an accumulation in certain 
parenchymatous organs, since all of the fat mobilised is not 
immediately^ utilised : it was thought that, if there was excessive 
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utilisation of tlie neutral fat element for consumption, the ratio of 
tins to the cholesterol should decrease. 

The blood fats were estimated daily by Bloor’s chromate oxida- 
tion method (Peters and Van Styke, 1932). The quantity of blood 
taken for such estimation was 3-0 c.c. Control experiments showed 
that the removal of this quantity of blood at dady intervals does 
not affect the level of the blood lipoids. The total blood cholesterol 
was estimated from the same alcohol-ether filtrate which was used 
for the fat estimation ; the amount used corresponded to 0-6 c.c. 
of whole blood. 

As will be seen from tables WI and VIII, the neutral fat/choles- 
terol ratio markedly decreased during fasting at low temperature 
{from3-22to 1-30 and from 2T4 to 1 -69). This decrease is especially 


tabue vn 

Rabbit D 17. Blood lipoids as mg./lOO c.c. during starvation at a low 
temperature : min. 0° C., max. 9“ C. {mostly between 0“ and 4° C.) 


Date 

Total fats 

Cholesterol 

Blood fats less 
cholesterol 

Xeutral fat/ 
cholesterol ratio 

Commencement 

7.1.41 

287 

68 

219 

3-22 

8.1.41 

269 

69 

200 

2-9 

9.1.41 

281 

104 

177 

1-7 

10.1.41 

269 

85 

184 

2-16 

11.1.41 

275 

111 

164 

1-48 

13.1.41 

238 

112 

146 

1-3 


Table VH! 

Rabbit D 20. Blood lipoids as mg.jlOO c.c. during starvation at a low 
temperature : min. 3° C., max. 10° C. (mostly between 5° and 8° C.) 


Date 

Tot.al fats ^ 

Cholesterol 

Blood fats less 
cholebterol 

Xeutral fat/ 
cholesterol ratio 

Commencement 

5.2.41 

264 

84 

ISO 

2-14 

6.2.41 

318 

100 

218 

2-18 

7.2.41 

317 

105 

212 

2-02 

8.2.41 

342 

no 

232 

2-11 

9.2.41 

326 

118 

208 

1*75 

10.2.41 

338 

123 

215 

1-75 

11.2.41 

330 

130 

220 

1-69 


striking in rabbit D 17, wliich was starved at a temperature very 
close to freezing point. In this rabbit, although there was an 
increase of blood cholesterol, indicating that fat mobilisation 
actually took place, the neutral fats have fallen to a low level. 
This, as we have already said, we believe to mean an excessive 
utilisation by the body to supply the higher metabolic requirements 
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at the lower temperature Correlated -with tlus, less fat is available 
for deposition m the parenchynJa of the organs It should be noted 
that histologically there was practically no fatty change in the 
liver of this rabbit 

We have also carried out a few observations on annnals wluch 
were starved in an unusually warm environment (tables IX and X) 


Tadle IX 

Blood Itpoida as mg /lOO c c during slariation at a 
temperature of 37“ C 


rate 

Total fata 

Cholesterol 

Dlooii fata less 
cholesterol 

'Scutrat fflt/ 
chol tcrol ratio 

Kobbit D 18 

Commencement 





7 1 41 

264 

60 

204 

3 40 

8 41 

287 

60 

227 

3 78 

9 1 41 

3G3 

85 

278 

3 27 

10 1 41 

Sol 

85 

2CG 

3 13 

Rsbbit D2I 

Commencement 





C2 41 

S4C 

08 

248 

2 25 

7241 

510 

116 

400 

3 45 


TABCE X 

Kahiit D 22 Blood lipoids as rng /ICO c c during etanatwn at a 
temperature of 25 27“ C 


Date 

Total fats 

Cholesterol 

Blood fata less 
cholesterol 

Central fat/ 
choleaUrol ratio 

Commencement 

11 2 41 

307 

92 

215 

2 34 

12 2 41 

307 

92 

215 

2 34 

13 2 41 

330 

lOo 

231 

2 19 

14 2 41 

336 

100 

230 

2 36 

15 2 41 

399 

100 

209 

2 99 

17 241 

440 

106 

334 

3 15 


Two animals (D 18 and D 21) kept at 27° G succumhed in 4 days 
and 36 hours respectively In these and m animal D 22, which was 
maintamed at 25 27° C , fat mobilisation occurred, but the neutral 
fat/cholesterol ratios showed a tendency to rise The evtent of the 
fatty infiltration m the organs of these annnals was similar to those 
kept at room temperature 


K 
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SUMMARY AND CONCLUSIONS 

In the fatty change which is induced in the rabbit’s kidneys by 
starvation the greatest concentration of fat occurs in the Henle 
zone : this can be shown by dissection and chemical analysis to 
be a real mcrease which quantitatively accords with the histological 
appearances. 

The evidence of increase in quantity, reduction in iodine value 
and relationship of the increase in fat to the extent of the animal’s 
storage depots indicates that the change is an infiltration. 

At low temperatures the usual quantitative relationship between 
depot fat and the degree of fatty infiltration in the parenchymatous 
organs is upset, OAving to the greater utilisation of the mobilised 
fat to meet the animal’s increased calorific requirements. 

We gratefully acknowledge the receipt of a grant from the Government 
Grants Committee of the Royal Society in aid of tliis work. 
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HETEROTOPIC BONE MARROW IN THE RENAL HILUM CAUSING 
PrONEPHROSIS IN AN ADULT WITH CHRONIC Mi’ELOID 
LEDILEMIA 


J. G. Hubible 

From the John Burford Carlill Pathological Laboratory, 
Westminster Hospital, I/ondon 

(P1J.TE VUI) 

Massive deposits of esrtra-medullary bone marrow are rarely observed 
in the adult. Small, usually microscopical islands of hsemopoietic tissue, 
however, have been described in many different organa in certain cases of 
disordered hasmopolesis. The condition is more frequent in infants than in 
adults, especially infants suffering from anaemic conditions, as in icterus gravis 
neonaforum (Hawlcsley and Lightwood, 1934 j Parsons, 19381. Brannon 
(1927), in an exhaustive survey of the literature, noted that these deposits 
are frequently found in cases presenting Von Jaksch’s syndrome. He collected 
ten cases from the literature where the deposits formed tumourdike masses 
in. the retwil Kilum and desccihed a furtliec caso. No patient was more than two 
years old. In the case described by Parkes Weber (1918*19), the patient was 
a child with acute myeloid leukaemia and severe anaunio. In the adult, 
macroscopic deposits of extra'medullary bone marrow have been described 
in the thorax in acholurio jaundice and allied conditions. This aspect of 
the subject is reviewed by Hartfall and Stewart (1933). Deposits of true 
extra-mediUlary bone marrow do not appear to have been described in 
chronic myeloid leukajmia. Furthermore although in this disease the kidneys 
are frequently the seat of leukoemic infiltration, diffuse or nodular, urinary 
symptoms aro uncommon (Forkner, 1938). 

Case history 

The patient, a male aged 73 years, was admitted to hospital following 
a fall. Hq stated that he had been quite well until nine months previously 
when, following an attack of “influenza”, he was seized* with abdominal 
pain and noticed a “ lump ” in his abdomen. Simultaneously he developed 
excessive thirst, drinking 10-12 pints of fluid a day. 

On examination there was bruising aroimd both eyes. The teeth had 
been removed and the mouth and pharynx were healthy. No glands were 
palpable in neck, groins or axillae. There was a soft systolic murmur in tho 
mitral area. Blood pressure was 130/GO. The chest was barrel-shaped. 
The central nervous sj^tem was healthy. 

Abdominal examination showed the liver to be enlarged four fingers- 
breadth below tho costal margin. Tlio left loin was occupied by a large 
smooth hard mass, which presented no notcli : it moved freely witli 
147 
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respiration. Tlie urine had a specific- gravity of 1008 and showed a trace of 
albumin. Later it was found that the average daily excretion of urine, 
measured over 28 days, was 76 ounces. 

A tentative diagnosis of renal tumour was made. Excretion pyelography 
failed to reveal the Iddney shadows. Cystoscopy was performed by 
IMr D. N. Matthews. Pus was seen in the bladder but retrograde pyelography 
could not be performed owing to hasmorrhage on catlieterising the left ureter. 

At this point a blood examination revealed the presence of a chronic 
myeloid leukaemia. 

TABI.E 


Blood cotints 


Date 

4.10.40 

17.10.40 

24.10.40 

25.10.40 

Hffimoglobin 

Bed blood cells . 
Colour index 

MTiite blood cells 
Poljrmorphs . 
Eosinophils . 

Basophils 

Neutrophil inj'elocytes 
Myeloblasts . 
L 5 unphoeytes 

Monocytes . 

Nucleated R.B.C. 

92 per cent. (Haldane) 
5,050,000 

0-9 

54,500 

19,075 (35 per cent.) 
1635 (3 ., ) 

0 

31,610 (58 „ ) 

545 (1 „ ) 

1635 (3 „ ) 

0 

Many seen 

5,260,000 

38400 

... 

5,590,000 

45,800 

90 per cent. 
5,870,000 

0-8 

45,600 

18,240 (40 per cent.) 
13,224 (29 „ ) 

2736 (6 „ ) 

4104 (9 „ ) 

0 

2736 (6 „ ) 

4560 (10 „ } 

912 per c.mm. 
(normoblosts) 


Stained films showed some polyeliromasia and a great increase in the 
number of platelets. There was a slight increase in the total number of 
red cells dining the tliree weeks that he was under observation (he was 
never anseiaic), wliile a notable increase in the number of eosinophils and 
basophils coincided with a great reduction in myelocytes and a complete 
disappearance of myeloblasts. These changes are probably the result of 
one application of X-rays on 11.10.40. The blood urea on 1.10.40 was 
76 mg. per 100 c.c. 

The* patient received two applications of deep X-rays to the spleen, 
1200 r to an anterior field on 11.10.40 and 1500 r to a lateral field on 30.10.40. 
His general condition, however, deteriorated rapidly, he developed thrombotic 
ulcers in the natal cleft, on the inner side of the right cheek and on the outer 
side of the right arm. He died of bronchopneumonia on 6.11.40, 49 days 
after admission. 

Post-mortem findings 

There were necrotic ulcers of the left cheek, the natal cleft and the outer 
side of the left arm. Tracheo-bronchitis and bilateral bronchopneumonia 
were present. The heart muscle showed fatty degeneration, while the valves 
showed some calcification. The oesophagus and stomach were healthy. 
The small and large intestines showed congestion only. The lymphatic 
glands tliroughout the body were not enlarged. The liver was enlarged, 
weighing 96 oz. On section it was pale, with a finely granular cut siu-face. 
The spleen weighed 73 oz. and was covered by the firmly adlierent omentum. 
On section it was greyish-pink in colour and very firm. The capsule was 
much tliickened and rough on ite outer surface. There was leuksemic 
infiltration between the dura mater and the arachnoid over the vertex of 
the brain, which itself showed no naked eye involvement. The pituitary 
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gland did not appear to be diseased The loft kulnej (fig 1) was 5 inches long 
and weighed 10 oz A dark purple mass occupied the hilum, replacing tho 
pelvic fat and siurounding the pelvis and caljces Tlie right kidney (fig 2) 
showed a somow hat similar but grey mass of tissue There was a pyonephrosLs 
at tho upper polo, contammg vorj foul sraellmg pus This Ividney was 
inches long and weighed 13 oz Both ureters were patent The urmarj 
bladder showed cj’Stitis and contained purulent material similar to that 
fovmd in tho right kidnej Tlie prostate was not enlarged 

The bone marrow of the ribs and sternum onlj was esLammed It was 
diffusely hjperplastic 

Histology 

Sections of tho liver, spleen and dura mater show typical infiltration with 
immature granular leucocj'tes No foci of haemopoiesis are seen in the 
portions exammed 

The parenchyma of the right kidney sliows inflammatorj changes 
suggestmg p 3 elonephntis There is coasiderablo renal fibrosis and many 
glomeruli are obliterated The mass in tho lulum is bone marrow lying 
external to the renal pelvis (fig 3) 

The parenchyma of the lejl kidney sliows a few scattered accumulations 
of immature granular cells otherwise it is essentially healthy The mass 
m the hilum is ogam bone marrow (fig 4) These masses m each hilum 
(figs 3 and 4) are found to be much congested, the capillaries being dilated 
and contammg chiefly wluto blood cells The stroma is packed with aggregates 
of immature leucocy’toa — my elocytes and my cloblosts — together witli foci of 
nucleated red blood cells in all etoges of development (fig 4) Many mega 
kaiyocy'tes are seen scattered throughout tho tissue and foci of adipose tissue 
are nl&o present No free iron is detected It will be noted that tho hoterotopic 
tissue does not mvade the renal parenchyma, from whicli it is separated by a 
zone of fibrous tissue The appearances contrast sharply with those of 
fenk'Bmic ind/tration of the renat parenchyma as coramoniy encounfured 

Comment 

The hetcrotopic foci of bone marrow foimd m infancy are presumably 
rehes of the multicentric ha?mopoiesis of foetal life In tho case described it 
would appear that such foci, dormant for 73 years, were reactivated by tho 
onset of the leukajimc process Tlie pressure of the liilnr mass on tlie right 
side was probably responsible for the py onepliro^is 

Tills ca. 0 differs from most of the otheis desenbed in the literature in 
that the patient was not anaimic, showing that tho h'cmopoietic marrow, 
both mtra and extra raedullaiy, was fully capable of responding to the 
stram put upon it 

None of 26 cases of Icukoimia found m a senes of 3720 con.s:ecutivo post 
mortems at the Westminster Hospital showed any renal lesion comparable 
to that found m the pre&ent case 


Summary 

Bilateral tumour like masses of true bone marrow occurrmg m the renal 
hilum are described m a male aged 73 years with chronic myeloid leukaimia , 
py oneplirosis had resulted in one kidney Tiie appearances contrast strikingly 
with leukoimic infiltration of the renal parenchyma as commonly encountered 

' thanks are due to Dr R Slagnus Hames for his kind assistance with 

the histologj , to Mr G H MocNab, F R C S , for permission to abstract from 
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the clinical notes of the case under his care, and to Mr J. F. Wilson and 
Mr K. Bridger for assistance with the photography. 
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576 .851.5 { Baci . pyocyaneum ) : 576 . 809 . 5 

OBSERVATIONS ON THE BIOCHEmCAL ACTIVITY OF 
PSEUDOMONAS PYOGYANEA 

N. G. Pandalai 

From the Department of Bacteriology, Medical College, 
Vizagapatam, India 

Statements regarding indole production and fermentation of carbohydrates 
by Pseudomonas pyocyanea are somewhat divergent. Wilson (1929) states 
that indole is either not produced or is formed only in small amounts, Topley 
and Wilson (1936) that the indole test is usually negative but maybe positive 
and Bergey (1934) that indole production differentiates Ps. pyocyanea from 
Ps. fiuorescens. Wilson states that acid is produced from glucose, as do 
Topley and Wilson, but Bergey (1934) says that none of the carbohydrates 
commonly used are fermented. Sandiford (1937) found that none of his 
50 strains produced indole but that they fermented glucose without production 
of gas and tliis view is partly adopted by Bergey (1939). 

In tills paper are recorded the results of a study of 85 strains isolated 
from mine, fajces and various body fluids and discharges. All the strains 
were motile, produced ammonia and peptonised milk, and all were frank 
producers of the greenish-blue pigment pyocyanin. 

Ps. pyocyanea has been isolated from blood, urine, feces and various 
inflammatorj’' conditions, either alone or in combination with other organisms. 
The great majority of the positive urines were from females. Exposed 
wounds and superficial ulcers often harbom this organism. Wliether or not 
it can alone cause acute diarrhcea in infants is uncertain, but it has been 
present in a liigh proportion of feces examined from this source. It is not so 
frequently found in throat swabs, but its more common uccurrence, often 
alone, in pus from otitis media and mastoiditis woidd seem to indicate that 
it has a predilection for these sites. One of the blood strains was from a 
suspected streptococcal septicemia secondarj’’ to panophthahnitis. Repeated 
blood culture from tliis patient jdelded no other organism and swabs from 
the eye yielded nothing else that might have accounted for the fatal 
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septicaemia Another positu o blood culture was obtained m a case of lung 
abscess Two specimens of blood from patients suspected to be sufformg 
from entenc fever 37ielded both Ps pyocyanea and Baet typhoaum It is 
possible that the 18 positive blood cultures, 9 of them pure cultures, raaj 
have been due to contammation While the organism is usually of low 
virulence, it would appear that one may occasionally encounter a more 
virulent strain which raaj ev en cause dea^ 

The culture media employed were Dunham’s peptone water (pH 7 2) 
mode with Difco peptone, one per cent sugar solutions in the same medium 
with Andrade’s mdicator and iCosers citrato solution Most of the expen 
ments wore made with 72 hour cultures at 37® C but, when a high con 
centration of pigment was desired, the tubes wore kept at Jaboratory 
temperature (25® 30® C ) for one day more When necessary, cultures were 
studied at different ages up to ten days The tests for mdole were those of 
Holman and Gonzales, as quoted by Topley and Wilson, and of Gor^ (1920 21) 
As pomted out by Sandiford the addition of the Bohme reagents — ^potassium 
persulphate and paradiraethylamidobenzoldehj de — separately to a culture of 
Pa pyocyanea produces a pink colour, the intensity of which m both cases 
vanes with the mtensity of the green colour of the test cultures The same 
alteration is produced by the addition of a drop of dilute HCI to a fresh 
culture and the ongmal colour is restored by the addition of a drop of strong 
alkali No such pink colour is produced by the addition of persulphate 
solution or acid to a culture of Bact coh contaming mdole or to a solution 
of indole in peptone water 

To see whether mdole was really present, its reaction being masked by 
the alteration in colour of pyooyanin on the addition of the Bolime reagents, 
cultures were shaken separately with ether, xylene, benzene or hgroin, m 
which mdole is soluble but not pjocyamn The separated solutions gave no 
mdole reaction with the Bohme method but the residue of the culture after 
extr'QCtJca the pmlr coJoar with peirso}phs)te soJotjea eJeae 35?^ Gere 
method aUo invariably gave negative results Accordmg to Salle (1039) 
the oxalic acid paper test is specific for mdole, ns this is tlie only volatile 
compound formed by microorganisms which is capable of producmg a pink 
colour with oxahe acid crystals Non© of the strams of tlus senes reacted 
positively to this test Tliese experiments seem to prove conclusively that 
Pa pyocyanea does not form mdole m peptone water 

Pa pyocyanea grows well m Koser’s citrate solution but without the 
production of pigment The addition of lactose, maltose or glycerol 
encourages tlie synthesis of pyocyanm On the addition of either of the 
Bohme reagents or of acid to such pigmented cultures, the same change 
from greenish blue to pmk was seen, due to the effect of acid on pyocj amn 
Indole could not have been present and so was not necessary for tlie change 
of colour to occur 

The change from greemsh blue to pink in an acid medium is probably 
due to the formation of an acid compound of the pigment which is pinlc 
m watery solution This coloured salt is soluble m phenol but not m 
chloroform, whereas pyocyanm is soluble in chloroform as well as in phenol 
Pyocyanm seems to be a delicate indicator It is not affected by boihng for 
fifteen minutes 

Ten strams were grown m Koser’s citrate solution (pH 7 0) at 37° C 
The reaction m all became allmlme to litmus m 24 hours and at 72 hours 
the pH of the different cultures ranged between 7 6 and 8 Jloreover peptone 
water cultures, after extraction of the pigment with chloroform, showed a 
high degree of alkalinity, often above pH 8 Tlie capacity of the mdivudual 
strams to form alkali under these conditions varied 
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All the strains were inoculated into peptone water containing one per cent, 
of various sugars and Andrade’s indicator. The cultures were incubated at 
37° 0. and observed for at least 14 days. It was invariably found tliat 
glucose and galactose were attacked in 24-48 hours with the production of 
acid but not gas. None of the other sugars showed any acid change. In all 
media except those containing glucose and galactose green pigment was 
formed to a greater or less extent. 

Solutions of the various sugars employed above were made in peptone 
water without the addition of indicator and Ps. pyocyanea was grown in these 
under similar conditions. Only those containing glucose and galactose 
showed any pink colour although there was pigment production in all. The 
glucose tubes were more pink than the galactose and a drop of alkali added 
to either caused the disappearance of the pink colour and the appearance of 
the greenish-blue hue. This clearly shows that the pink colour in the glucose 
and galactose tubes was due to a change in the coloiu' of pyocyanin caused by 
the acid produced during growth. Other cultures were made in Koser’s citrate 
' solution containing glucose and indicator. No pigment was formed but an 
acid reaction developed, thus proving that the organism is able to break 
down glucose, producing sufficient acid to change the indicator irrespective 
of other cultural surroimdings. 

From these experiments the conclusion is drawn that Ps. pyocyanea can 
ferment glucose and galactose without gas production. It would appear that 
the amoimt of acid produced, in glucose at least, is not necessarily low but 
that a portion of it is diverted to neutralise the alkali formed by tlie organism 
during its growth and therefore the quantity available to affect the indicator 
is not great. 


Summary 

None of 85 strains of Pa. pyocyanea examined produced indole ; all formed 
acid but not gas from glucose and galactose. 

The fact that pyocyanin turns' red in an acid medium possibly accounts 
for the positive indole reaction reported by some workers. 

Ps. pyocyanea forms alkali during growth on media e'ontaining no 
fermentable carbohydrate. 

My thanks are due to Mr K. Ramanuja Rao, M.Sc., of tliis department 
and to Rr V. G. Nair, M.R.C.P., for their help. 
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PEOCEEDINGS OP THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

Ml July 1941 

Tlio siKty second meeting of the Societj was held m the Department of 
Fathologj’, Uhiversifcj’ of Glasgow, on Friday 4th July 1941 

Communications and demonstrations 
Tlie items marked * ore abstracted below 

Ivy JlicIvrvziE Pituitarj- tumour and organic bram disease 

A Ltaxl and R D Stuaht. Spreading gangrene of the •skin 

W. Gilbejit Miller. Aortic size and accidentol death. 

Raymoxb Whitehead Tlie fat of the adrenal cortey in star\ ed gujnea*pig» 
and rabbits 

J. F. Heqgie. The glomerular capillarj’ circulation s (1) m tho normal 
animal (rabbit) , (2) in the development of renal cortical necrosis 

J. W. CJlego. Tlio diagnosis of Gaucher’s disease by sternal marrow puncture 

E. G. L Bvwaters and J. Henry Dible The renal lesion m traumatic 
anuna, 

A C. XiENDRtrM. Anasmin with splenomegaly and a positive Wassermann 
reaction 

C. E. vanRooyen, A J. Rhodes and A CAiCBROK. Herpes labiahs followmg 
I suIphapjTiclmo and T. A. B mjection. 

L R. W. Price. An unusual ease of toxemia m a mimition worker. 

C H. Browning and W. M Leckie. Depression of experimental strepto- 
coccus infection m mice by drugs of the sulphonamide group and the 
activating effect of p ammobenzoic acid (Woods and Selbie) — an 
example of therapeutic interference. 

C. H. Browning and K. M. Calver Treatment of T, congolense infection 
m mice by a phenanthndmium compound (Morgan and Walk) : 
cure after one or more relapses, each treated by the same smgle dose 
not greater than that used ongmally. 

R. D. Passey Experimental camne tar tumours. 

Paul Brow-ning Sarcoma produced by a now water soluble compound, 
2 (3' methjl 4' bydroxyethjlammo) stjTyl 6^ acetylammobenzojl- 
ammo qumolmo methoacetato. 

jorjc« OF PATn — Toi Lm 155 %, 
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P. R. Peacock and Stephan Beck. Avitaminosis-A and papillomatosis of 
the fore-stomach of rats, induced by feeding with heated fats. 

J. W. Bigger and J. H. jN^elson. Growth of coliform bacilli in distilled water. 

A. Fleming.' Some uses of nigrosin in bacteriology. 

*Leonaed Colebeook and A. E. Francis. Varying sensitivity of hEemolytic 
streptococci to the sulphonamides. 

*D. SIcCLiiAN. Further observations omthe capsulation of streptococci and 
its relation to diffusion factor (hyaluronidase). 

R. D. Stuart. The value of liquoid in blood cultures. 

H. J. Parish and H. Proom. Some observations on the diphtheria virulence 

test. 

P. Browning. Sarcoma production in rats by styryl-430. 

J. N. Cook, C. L. Hewett, E. L. Kennaway and N. M. Kennaway. Liver 
tumours produced by 2 : 2'-azonaphthalene. 

*M. Gillespie, J. S. F. Niven and J. Shaw Dunn. The renal lesion in oases 
of “ crush ” S 3 mdrome. 

T. He%ver. (1) Primary cerebral vein thrombosis. (2) Two cases of renal 
vein thrombosis. 

J. Kirkpatrick. Flagellated forms of Tr. pallidum and other spiroohsetes 
from human sources. 

J. liiRKPATRicK and A. C. Lendrum. Demonstration of histological and 
bacteriological preparations mounted in synthetic (D.P.X.) medium. 

A. C. Lendrum. Chondroma of lung. 

T. Glen Liston. Trichomonas infestations. 

N. G. B. McLetohie. (1) Hyalinisation of the basophile cells in the anterior 
pituitary. (2) Carcinoma of adreno-cortical rest. 

J. S. F. Niven. (1) Blast lesion of limgs and early nephritis acris, (2) 
Malignant mixed tumour of nasopharynx. 

L. R. W. Price. Four cases of sarcoma of the urinary bladder. 

I. . Rannie and D. S. Stevenson. Nesidioblastoma. 
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AJbstracts 

576 . S51 . 2 (streptococcus) : 615 . 778 

VAKYnSTG SENSITIVITY OP aEMOLYTIC STKEPTOCOCCt 
TO THE SGLPHONMnDES 

L COLEBBOOE and A E Francis 
Basingstoke 

By means of “ ditch plates **, x e blood agar plates of which a strip across 
the centre lias been replaced bj the same medium contaming one of the 
sulphonanude compounds (Fleming’s method, 1940 41), a few h^molj’tic 
streptococcal strains liai-e been met with whicJi are more or Jess completely 
insensitive to these drugs Most of these strains were isolated from wounds 
m whicli they had persisted m spite of powdering witli sulphanilaraide 
In several instances their presence had been associated witli a febrile dis- 
turbance foUowmg graftmg operations^ — and the failure of such grafts 

The “ ditch plate ” method is very convenient but certam pitfalls must 
be recognised (o) Some batches of agar antagonise sulphamlamide and 
cannot bo employed They can only be foimd at present by trial and error, 
usmg known sensitive and msensiti\e strams (6) Tho moculum must bo 
small or there will bo no inhibition A 1 2000 dilution of nn overnight 
serum broth culture will usually be appropriate (c) The plates should bo 
made 3 6 hours before use, kept m the refrigerator, then dried off and placed 
in the meubator immediately after plontmg If this procedure is not adopted 
the followmg variations from tho usual result may be obtained (1) there 
may be no inhibition of growth (if tho plate is not incubated at once) , (2) 
there may be no growtli — i e inhibition to the edge of tlie plate if the 
Bulphonamide has had time to diffuse too for , (3) o curious phenomenon 
may be observed, namely growth of sensitive strams over the ditch and 
perhaps a little beyond, then a zone of mhibition, then normal immhibited 
growth , the explanation of this is not clear 

For quantitative work, le to detect possible changes of sensitu itj durmg 
treatment of a patient by sulphonanude, the ditch plate is not liKelj to be so 
useful ns incubation of small mocula of streptococci m heated Juimnn blood 
(47° C for half an hour to kill leucocytes) phts graded additions of drug and 
subsequent viable coimts 

No survey has yet been made of all serological types and groups of 
h'Bmolytic streptococci JResistant strems belonging to four typos — 12, 13, 
25 and tho provisional Griffith type B 3264 — have been met with Strains 
of groups C and G have usually been verj sensitive 

Strains resistant to sulphamlamide have proved almost equallj resistant 
to sulpliapjTidine, sulphathiazole and sulphadiazene, but further observations 
are necessary 

There is no definite evidence yet as to whether resistance to sulphamlamide 
has developed during treatment 

The recognition of these resistant strams raises several points of mterest 
(1) 3ii considermg what dosage is required it will be necessaiy to take into 
account not only the concentration of the drug m the blood and tissues, but 
also the degree of sonsitivnty of the infectmg organism (2) The presence of 
resistant strams in a surgical ward with many open wounds maj well lend 
to cross infections, because of the persistence of these organisms Out of 14 
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such cross infections occurring during a period of 5 months in one ward no 
less than 10 were due to transfer of a single resistant strain (tj-pe 12). Recent 
experience also suggests that the presence of these strains in a wound should 
alwaj-s be excluded before the surgeon undertakes a plastic or grafting opera- 
tion, since any ensuing sepsis mil not be controllable by the sulphonamides. 
(3) It may explain the occasional failure to control an acute streptococcal 
infection by the sulphonamides. (4) It may facilitate study of the mode of 
action of these compounds. 


Flejung, a. 
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576 .851 .2 (streptococcus) : 576 . 809 . 485 

FURTHER OBSERVATIONS ON THE CAPSULATION OF STREPTO- 
COCCI AND ITS RELATION TO DIFFUSION FACTOR 
(HYALURONIDASE) 


Douglas McClean 

The Lister Instihite of Preventive Medicine, Elstree, Herts 

The statement recorded elsewhere in this journal (McClean, 1941) that 
“ mucoid ” group A colonies on plates fail to produce hremolysis requires 
modification in the light of furtlier observations. It has been found that 
the absence of hteraolysis was due to the use of sheep’s blood and the 
inclusion of glucose in the medium. Vfiien horse blood is used a definite 
zone of hffimolysis develops which is reduced in area by the presence of 
glucose in the medium, "fhe fact remains that, in the presence of sheep’s 
blood, “ mucoid ” or capsulated strains produce little or no hfemolysis, 
whereas non-capsulated hyaluronidase-producing strains produce wide zones 
of htemolj'sis in tliis medium. 

It has been reported that the viscosity of hyaluronic acid is reduced by 
several reducing substances (McClean and Hale, 1941). It was of interest, 
therefore, to determine whether the disappearance of the hj’-aluronic acid 
capsule of steptooocci as the cultures age is associated with any change in 
the oxidising or reducing conditions in the culture medium. A number of 
oxidation-reduction dyes in a graded series were included in the medium 
and the rate of their decolourisation was noted and correlated with the pH 
of the medium and the state of capsulation of the streptococci. The maximum 
reduction of the dyes and fall in pH liad occurred after 4 hours’ incubation, 
when the streptococci were still fully capsulated. Tlie capsules disappeared 
between 6 and 24 hours, during which period no further change in the reduction 
of the dyes or pH oooiured. It appears, therefore, that the decapsulation of 
- streptococci is not directly associated with any increased reducing actmty 
of the culture brought about by the metabolism of the organisms. 

Daily serial subcultures of hyaluronidase-producing strains of streptococci 
in medium containing hj-aluronio acid have indicated that there is no further 
increase in the production of hyahn-onidase after the first subculture in this 
- modimn. Furthermore, when these passaged strains are returned to an 
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ordinary mednim the production of this enzyme falls to its ordinary Ie\ el 
Capsiiinted strains sennllj cultivated m the same medium do not develop 
the power to produce Inaliiromdase Capsulated strains senallj cultivated 
m medium contammg hj-aluromdaso fail to de\clop capsules while m tlu» 
medium, but show capsules agam immediately on their return to an ordmarj 
medium Tliese obocnations indicato that those strams that can secrete 
this enzjTno make an immediate maximum response to the presence of tJie 
appropriate substrate Similarly the capacity of capsulated strains to 
sjTitheaise Inaluromo acid is only temporarily mliibited bj the presence of 
hyaluromdase 

Twentj two strams of group G streptococci liav o been exammod Onij 
four of these strains develop caxteuJes and sixteen produce hyaliiromdase 
The capsules of one of these strams arc composed of hyaluronic acid being 
destro 3 ed b% Iij aluronidaso, and free hjoiluronio acid is found m older cultures 
of this strain when tlie capsules have disappeared The capsules of the other 
three stram-s are not composed of hj ahiromc acid nor is tins material found 
in the medium Onij two group L strains Jiave so far been examined , 
neither develops capsules and both produce hjaluronidase to a moderate 
titre Onlj one g^oup M fitram lias been aaailablo so far , this strain develops 
well marked capsules which are not composed of h\aluronio acid and, 
moreo\er, the capsules of this strain persist up to 20 hours m serum glucose 
broth It IS hoped to examine more representative strains of these and other 
groups I am mdebted to Dr R M Fiy of the Emergency Public Health 
Sen ice, Carmarthen, for the supplj of strains 

Prelimmarj mfection experiments m mice and rabbits ha\e jielded some 
interesting results Followmg mtraporitoneal injection in mice, it is foimd 
tliat the tmcapMilated lij aluronidase produemg strains are of % ery low 
MtiiJence, but tliat the capsulated group A and C strains show great 
aarmlion in tJie virulence of different strains , some of tlieso strams are as 
a\arulent as those that produce hj aluronidase, which suggests that vinilenco 
18 not determined solely by the capacitj to develop a capsule '\^^len mice 
are mftoted b\ the mtracutaneous route the relative lethality of some of the 
hj aluronidase produemg strams compared with capsulated strains is greatlj 
increased Itliasbeendifficultsofartodrawanj definite distmctions between 
the tjTies of local lesion produced by tJieso strains in mice If, however, 
mtracutaneous injections are made m rabbits it appears that the capsulated 
strains produce a lesion which is defimtelj circumscribed and roaj either 
resemble a furuncle in appearance or develop the character of a raked 
indurated area with or without some central necrosis The hj aluronidase 
producing strains on the other hand, cause a large area of necrosis, tracking 
m the direction of grav itj and surrounded by an indurated erj'thematous 
area without well defined margins A comparativ e study of the tj^pes of 
lesion produced in the skin bj a loige number of strams is required and it is 
hoped to investigate tlie mfluenco of anti hj aluronidase serum, but the 
preparation of this serum depends upon the succcs'sful purification of the 
tnzjone and its separation from streptococcal h'emolj’sm 

TJie influence of hj aluronidase on the \ irulenco and m vivo capsulation of 
streptococci has been exaramed In some expenments the dilution of culture 
and a volume of potent enzjane have been mixed and mjected together into 
tlie peritoneum , the capsules of the streptococci were shown to have been 
desfrojed bv tlie enzj-me before injection In other experiments 0 5 ml of a 
solution of liynluronidase Icnown to destroy tho clottmg power of mucin m a 
dilution of 1 1000 was mjected mtravenouslj before and at intervals 
after, mtraperitoneal injection of dilutions of a vnnilcnt cap'.ulatcd stram 
Notwithstanding the fact that the concentration of hj aluronidase present 
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in the circxilation must Imve been much greater than that required to produce 
in-vitro decapsulation of the streptococci, the enzyme exerted no influence 
on the number of mice that died in these groups or on the time of death 
compared with the control groups tliat had received culture alone. Moreover, 
the streptococci in the peritoneum and heart blood were fully capsulated. 
Thus it appears that there is some in-vivo inliibition of the action of 
hyaluronidase on streptococcal . capsules ; this is in agreement with the 
observation that, notwithstanding the enormous doses of enzjane injected, 
the mice show no signs of blindness or embarrassed movement such as might 
have been expected if the vitreous h\unour or synovial fluid had been 
hydrolysed. The cause of this apparent inhibition of enzjmie activity is 
being examined. 
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THE RENAL LESION IN CASES OF 
“CRUSH” SYNDROME 

JI. GDunESPrE, J. S. F. Niven and J. Shaw Dunn 
From the L.C.C. Group Laboratory, Hampstead, and the 
Department of Pathology, University of Glasgow 

Case 1. V. W., female aged 18, sustained severe injuries which involved 
crusliing of the legs and pelvis. Oliguria developed and the blood luea rose 
steadily to 440 mg. per cent, at the time of death five days later. Post mortem 
there was oedema of the legs and vulva ; an area of necrosis 6 cm. in length 
was foimd in the right quadriceps femoris. The kidneys were enlarged and 
the cortex pale but streaked with red and yellow. An opaque whitish zone 
1-2 mm. broad was noted at the bases of the medullary pyramids ; the latter 
were dark and congested. On microscopic examination the glomeruli and 
first convoluted tubules appeared fairly normal apart from the presence of 
albuminous debris in the form of granules or light spheroidal masses in 
Bowman’s capsules and the tubular lumina. • The second convoluted tubules 
in the cortex mostly showed some evidence of recent regenerative change 
with increase of nuclei. Many of them contained brownish cast material 
in the form of clumps or ribbons of beads, or in amorphous masses. The 
most notable changes occurred in the medullary rays and in the outer 
medullarj' stripe, where there was frequent evidence of recent severe damage 
of ascending limbs of Henle’s loops, followed by active regeneration of 
tubular epitlielium and by proliferation of interstitial tissue. In serial 
sections it was ascertained that there were numerous foci of maximal damage 
at points where the affected tubules passed close to the walls of venules. 
At each of these points the tubule was dilated in an aneurysm-like bulge and 
the lumen was filled with an eosinophile coagulum. In many instances the 
bulging tubule had ruptured into the venule and tlxrombus had formed at 
tins point. These lesions, which were very numerous, were all in a healing 
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state, having probably originated acutely soon after the injurj'. In the 
medulla, brown casts as described by Byirators and Beall (1941) were present 
in many collecting tubules. 

Case 2. In a second case of tho same kind tli© kidneys had been the seat 
of antecedent clianges due to arteriosclerosis and tho more recent lesions 
were difficult to decipher. The same lesions as those described above could 
bo recognised, however, including a few of tho tubulo-venous foci. 

Tiio oliguria, low urea concentration and urea retention in these cases are 
featiu'os commonly observed after acute damage of tubules, as in experimental 
nepliritis, irrespective of wliether upper or lower segments of the neplirons 
are affected. In the prO'^ent cases tlio lower segments appear to be almost 
exclusively involved : this localisation of lesion lias been obtained experi- 
mentally by dosage with uric acid (Dimn and Poison, 1920) and with 
phosphate (McFarlano, 1941). 
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CHRONIC RENAL DISEASE, SECONDARY PARA- 
THYROID HYPERPLASIA, DECALCmCATION 
OP bone and metastatic CALCIFICATION 

Fbed\ K Herbert H G Hiller and G 0 Richardson 

From the Dcpttrtmenls of Pathology and hlcdicinCt the Medical School, 
Kxng'a College, and the Royal Victoria Injirmatij, 2^ civcaotle on Tyne 

(Plates IX XI) 

The syndrome wlucli forms the subject of tins paper is a raie one 
and consideration of the cliomical and physiological mechanisms 
involved in it raises many interesting questions We give here a 
report of a case show mg all the characteristic features of the 
syndrome, together \ntli a suney of similar case? in the literature 
and a discussion of the \ arious factors involved 

Case report 

Clinical history 

TIio patient 'vn*> a mrtiricd woman, aged -lO, wJio complained of ill health 
smee the birth of a cliild four years before During the latter part of this, 
her onlj pregnancy , she had huffered from hrcmaturia, swelling of the face, 
backache and \omiting, diagnosed ns acuto neplxritis The child was si\ 
weeks premature and died at birth After the birth of the child the haimaturia 
ceased, but the patient contmued in ill health and suffered from morea.smg 
weakne'^s, poljniria, nocturnal frequency of micturition and intermittent 
vomiting For a jear before her admission to hospital she suffered from 
pam in the region of joints, worse at night and affecting at different times 
the knees, anklet, wrists,, cIbo^v^, shoulders and spme There was no swellmg 
of the jomts Diu-ing the same period tfio ends, of tho fingers became swollen, 
painful and tender For hiv montlis before admiv>ion there were also severe 
headaches,, breathlessness, incapacity for exertion, swelling of the ankles and 
feet m the evening and increasmg pallor of the skin There had been nothmg 
of significance m the family or peisonal lustorj prior to this four j ears’ lUnesiS 
Examination showed a woaiy looking woman with extreme pallor and a 
slight icteric tmge Tho finger ends were bulbous, and cyano&ed but the nails 
flattened and striated, rather than clubbed, tho pulp of tlie right middle 
jocaif orpATH— voi tin lOl M 
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finger was red and verj" tender, with two yellow subcutaneous nodules deeply 
situated. Above the left acromioielaweular joint was a soft, lobulated, 
fluctuant swelling the size of a walnut. The radial artery was remarkably 
rigid and thickened— a tj^jical “ pipe-stem ” artery. All palpable parts of 
the arterial tree showed similar changes in greater or less degree. The apex 
beat was diffuse, but maximal in the fifth interspace within the nipple line, 
and there was a marked systolic tlrrill at the apex accompanied by a loud 
rasping murmiu audible all over the front and back of the chest. The blood 
pressure was 180/110 mm. Hg. The chest and abdomen showed no abnormal 
physical signs. There was no abnormality in the central nenmus system or 
optic fundi. 

Laboratory data 

Urme. The specific gravit 3 ^ was 1016 in each of six four-hourly specimens. 
There was heavj' albumimu-ia and the deposit showed occasional red cells, 
leucoc 5 ’tes and epithelial cells, but no casts. 'Blood analyses : urea 300 mg. 
per 100 C.C., calcium 11-7 mg. per 100 c.c. senun, inorganic phosphate 
7 '8 mg. P per 100 c.c. plasma, phosphatase 32-4 units (Jenner and Kaj'^’s 
method: normal 3-2 to 7'9). Wassermann reaction negative. Blood cultures 
sterile. Blood count : red cells 1,940,000 per c.mm., haemoglobin 38 per cent., 
colour index 0-98, total leucocjdes 7400 per c.mm., differential leucocyte 
coimt normal. 

Radiological investigation 

Seven months before admission, a radiograph of the right knee joint 
showed deposition of opaque material in or near the insertion of the patellar 
tendon and calcification of the surrounding arteries. On admission (Peb. 1940) 
a radiograph of the chest showed sjunmetrical destructive lesions of the 
acromio-clavicular joints, while projecting above the left was an ovoid mass 
of equal density to the bones (fig. 1). Strildng changes were seen in the 
hands. Smooth, roimded clusters of opaque material were deposited at the 
tips of the thumb and all fingers in the left hand (fig. '2) and all save the ring 
finger in the right hand. There appeared to be abs'oiption of portions of 
some of the terminal phalanges. Similar deposits were seen in the Soft tissues 
of the left middle finger and between the radial stjdoid and the first meta- 
carpal bone. Marked calcification was evident in the interosseous arteries. 
Direct rdews of the abdomen showed extreme calcification of the .splenic 
and iliac arteries. No urinary calculi were seen. There was no dye excretion 
after intravenous uroselectan. 

The clinical diagnosis, made on consideration of these findings, was 
chronic glomerulo-nephritis and general metastatic calcification, in which the 
mitral valve was probablj' inv'olved. In ■view of the widespread calcification 
and evidence of chronic renal disease, the possibility of secondary hj'perplasia 
of the parathyroid glands was suggested. 

Clinical course 

The patient remained in hospital for a month. Her condition deteriorated 
and clinical uramia became increasingly evident. She returned home and 
died two daj>-s later. 


Post-mortem examination 

The autopsy was performed in the patient's home and was 
therefore limited in scope. The central nervous system was not 
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Tig 2 — Radiograph of left hand showing deposition of opaque material around 
tormmal plialanges and calciGeation of interosseous arteries 





Fjc 4 — Longitudinal section of loft ^rd finger showing absorption of tennmal 
phalanN with cyst formation 
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examined and it was impossible to make an extensive investigation 
of tlie skeleton. 

The external appearances confirmed the clinical findings. The 
oval cystic swellings over the left acromio-clavicular joint and 
over the anterior surfaces of the terminal phalanges contained 
thick white material of the consistency of oil paint, -^vith inter- 
mingled chalky material. The other significant changes were 
limited to the genito - urinary, cardiovascular, skeletal and 
endocrine systems. 

TIic kidneys (right 22*0 g., left 27*0g.) showed similar appear- 
ances (fig. 3). The capsule was tliickened and adherent. Both 
external and cut surfaces were pale. Cortex and medulla were 
almost indistinguishable and were stippled with numerous pale 
yellow areas. No calcification was evident. The vessels were 
not unduly prominent. The pelvis was thickened and opaque 
and contained no calculi. The ureters and bladder were 
healthy. 

Heart (315*0 g.). The pericardium was healthy. The left 
auricle was hypertrophied, its wall being twice as thick as that of 
the right, which was healthy. The right ventricle (0*4 cm. thick) 
and tricuspid valve (13*5 cm. in circumference) were healthy. The 
mitral valve (8*0 cm. in circumference) was converted into a thick, 
rigid, stenosed ring u-ith several irregular, projecting calcified 
masses. The chordfo tendineje were neitlier shortened, thickened 
nor fused. The pulmonary valve (7*0 cm. in circumference) 
was slightly fenestrated and there was one small calcified 
nodule on th'e left posterior cusp. The aortic valve (6*5 cm. in 
circumference) showed small calcified nodules on all cusps, witli 
slight fusion and consequent stenosis. The left ventricle showed 
slight muscular hypertrophy, with an average thickness of 1*8 cm. 
The coronary vessels were healthy. The aorta showed four calcified 
atheromatous plaques in the arch, othenvise it was smooth down to 
a point 6*0 cm. above the bifurcation, where the intima became 
roughened and scaly. Tliis appearance extended into the common 
iliac and hypogastric arteries. The splenic artery was converted 
into a rigid, calcified and tortuous tube. The cervical branches of 
the uterme arteries were also calcified. The veins throughout 
appeared healthy. 

Skeleton, The vertebral bodies, left clavicle, left tliird finger and 
right fourth and fifth ribs were examined. The bones were not 
appreciably softer than nonnal. The terminal phalanx of the 
finger showed osteoporosis with cavitation (fig. 4). 

Endocrine glands. The thyroid gland (^-0 g.) was asymmetrical", 
the left lobe being larger than tlie right and containing a circular 
adenomatous nodule 2*0 cm. in diameter, with central calcification. 
Four parathyroid glands were found, each considerably enlarged, 
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greyish white and firm, and showing a fe\v haemorriiagic areas on 
section. Their weights were as follows right upper, 0-95 g. ; 
left upper, 0-58 g. ; ’right lower, 2-85 g. ; left lower, 0-83 g. ; total 
weight 5‘21 g. 

'' Histological examination 

Kidneys. The glomeruli were reduced in number and many 
were sclerosed and showed partial or complete hjmlinisation of the 
tufts ; both sclerosed and surviving glomeruli were hj'pertrophied 
and relatively acellular. No fibrin nor amyloid was found with 
the appropriate staining. The glomerular capsules were surrounded 
by laminated connective tissue : there were no crescents. In the 
sclerosed glomeruli there were numerous small fat droplets. Many 
of the tubules were atropliic and enveloped in dense connective 
tissue ; the surviving tubules were dilated, tortuous and hyper- 
tropMc. There were a few fatty and calcareous casts and some 
fine fat droplets surrounding the tubules. The interstitial tissue 
was relatively increased and showed focal accumulations of small 
round cells, calcareous deposits and numerous fine fat droplets. 
The arterioles showed slight medial thickening and intimal pro- 
liferation, with occasional small subintimal fat deposits, but no 
calcification. The pelvis was slightly thickened by comiective 
tissue but showed no inflammatory changes. 

The picture was one of advanced renal sclerosis but without 
histological evidence of clnonic glomerulo-nephritis. The arteriolar 
changes were slight, thickening being minimal, and there rvas 
complete absence of necrotising arteriolitis, so that a diagnosis of 
malignant neplrrosclerosis is untenable. There was no evidence of 
urinar}’" infection, either gross or microscopic, and the appearances 
in no way suggested chronic pyeloneplrritis. lilicroscopically the 
appearances were similar to those seen in the surviving renal tissue 
of polycystic kidneys, but in this case the picture was uniform ' 
thi’oughout the kidney and suggested a diagnosis of renal hj^poplasia 
(fig. 5). 

Parathyroid glands. AU four glands showed similar appearances 
(fig. 6), being made up of chief cells arranged either in compact 
branching columns or in acinar formations. Some of the latter 
consisted of true acini filled with colloid-like material and in places 
formed cystic spaces lined by columnar chief cells. There were also 
large accumulations of dark oxyphil cells. There rvas little inter- 
stitial tissue and only a few fat vacuoles. The nuclei showed no 
hyperchromatism nor mitoses. Some of the arterioles showed 
medial calcification. 

Skeleton. Sections were cut from the cla-vdcle, rib and terming 
phalanx. The periosteum of the rib was slightly thickened and 
composed of fibrous lamellae without infiltrating inflamiuatoiy 
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Fio. 0 — Photomicrograph of kidnoy showing hypertrophied glomeruh, one of which 
shows deposits of hyaline matormi There is increased connective tissue and 
the tubules aro dilated and hyTiortrophied. (Average diameter of glomerular 
tufts, 330 fi ) 
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cells. In the other sections the periosteum was not thickened. In 
all sections there was considerable evidence of bone resorption, 
shown by numerous multinuclcated giant cells lying in laeume at 
the margins of the medullary spaces, which in consequence appeared 
mdented and scalloped. Some Haversian canals were widened 
and there was diminution in number of bone corpuscles, those 
remaining being irregularly distributed. In some areas, especially 
in the clavicle, there was combined resorption and apposition, the 
bone having an irregular arrangement, with dark-staining cement 
lines forming an irregular disorderly mosaic. The medullary cavity 
throughout was largely filled with loose fibrous coraieetive tissue, 
with groups of cells, mainly -lymphocytes, plasma cells and 
histiocytes. There were fairly numerous thm-walled capillaries 
but no evidence of either old or recent liremorrhage and no aggrega- 
tions of osteoclasts were seen. In a few places there was abnonnal 
osteoid tissue mthout Haversian canals and with irregularly dis- 
tributed bone corpuscles ; tliis also showed evidence of resorption. 
Osteoblasts were not numerous in any of the sections. In one 
site (phalanx) there were several cysts with walls consisting, in some 
instances, of dense collagenous connective tissue, often indistinguish- 
able from the surrounding fibrous marrow. Other cysts had a 
sharply defined even margin lined by a layer of flattened endothelial- 
like cells. 

The main features were bone resorption with deposition of a 
vascular fibrous substitution tissue and very little new bone forma- 
tion. Although in a few places resorption and apposition were more 
balanced, yet resorption was the predominant feature. The 
appearances were analogous to those seen in osteitis fibrosa cystica. 

Discussion 

The outstanding features of tliis case are chronio renal disease, 
secondary hyperplasia of the parathyroid glands, decalcification 
of bone and calcification of other tissues, and simultaneously high 
concentrations of calcium and phosphate in the blood serum. 
Although the calcium was only slightly above the upper limit of 
normal, the figure is striking because the usual result of renal 
retention of phosphate, in the absence of parathyroid hyperplasia, 
is a fall in the serum caleiuiu. If one takes the view that the 
concentrations of calcium and phosiihate in normal plasma fall near 
to the saturation level for calcium phosphate, then if one of these 
ions rises above normal without a corresponding fall in the other 
the saturation level is likely to be exceeded, and the deposition 
of calcium phosphate in the soft tissues is just what would be 
expected. 

^ Although the symptomatic liistory in this case covered only 
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four years, the condition of the kidneys' suggests that tlie renal 
disease had existed for a longer period, and that the first renal 
symptoms Avere precipitated by the pregnancy. Such a view would 
bring the case into line with others showing similar features. Gross 
parathjToid hyperplasia is a rare complication of renal disease, but 
Avitliin the small group in Avhich it is found, there is a high proportion 
of cases ivhere the renal damage has been of long standing, and 
notably of congenital abnormalities of the kidney. It would seem 
that only in cases running a very chronic course is there time for the 
development of gross parathyroid hyperplasia. '' 

Although secondary parathyroid hyperplasia of extreme degree 
is a rare complication of renal disease, it seems to occur more often 
as a result of renal disease than in other conditions. Bergstrand 
( 1920 - 21 , 1931 ) has described such cases and has stressed the 
finding of bony changes, which he interprets as the earliest primary 
lesion of osteitis fibrosa. It is noteAvorthy that in Ids earlier Avork in 
1916-17 (quoted by Bergstrand, 1920 - 21 ) he examined the para- 
thyroids in 200 almost consecutive post-mortem examinations and 
found parathyroid hyperplasia only in renal disease. In all he 
collected 12 cases, though in one of those published in 1920-21 the 
renal changes Avere not marked. Later Avork shoAAung the association 
of parathyroid hyperplasia AA-itli renal disease is reAucAA’-ed by 
Anderson ( 1939 ). 

Metastatic calcification also is a rare condition, but it also has 
a special relation to renal disease. Barr ( 1932 ), in revieAving the 
subject, states that it is very difficult to find cases of metastatic 
calcification in AAdiich renal disease can definitely be excluded. It 
may occur in association AAuth various destructive lesions of bone, 
but most of these are conditions in Avhich renal damage may be a 
complication. Apart from renal rickets and secondary osteitis 
fibrosa of renal origin, in AA^hich the renal disease is primary, renal 
damage may occur as a complication of primary parathyroid osteitis. 
In multiple myeloma secondary renal damage develops in the 
majority of cases. This Avas emphasised by Geschickter and 
Copeland ( 1928 ) and has been confirmed in a number of cases seen 
in NeAvcastle in recent years. Destructive bone lesions other than 
those of parathyroid or renal origin may hoAvever be associated 
Afith metastatic calcification. We shall return to this point later. 

The immediate cause of metastatic calcification is most probably 
an over-saturation * of the serum and tissue fluids with calcium 
phosphate. We beheve that where renal disease is the primary 
abnormality, the sequence of events is usually as follows. The 


* In this discussion the term “ ovor-saturation ” is used to indicoto simply 
values above the saturation level, whatevOr the physical state of the calcium 
phosphate may bo. “ Supersaturation ” is used in its true physico-chemical sense 
as a condition of unstable equilibrium. 
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renal failure leads to a rise in plasma phosphate In response to the 
raised phosphate, the serum calcium falls This is the common 
finding in the majority of cases of renal failure, and at this stage of 
the process bony changes of the tj^pe of renal rickets or renal 
dwarfism may occur in young subjects * If the calcium deficiency 
lasts long enough, it stimulates hyperplasia of the parathyroids 
and tlie hyperparathyroidism mobilises calcium from the bones, 
either initiating osteitis fibrosa or aggravating previouslj^ existing 
bone disease The serum calcium uill be raised from the earher 
low level to nonnal or even above it, but owmg to tlie renal failure 
phosphate is still retained in the blood, causing over satuiation of 
blood and tissues vith calcium phosphate and so giving nss to 
metastatic calcification 

In studying this question ue have collected from the literature 
cases of renal disease vith paratlijToid hyperplasia oi metastatic 
calcification or botli, together with three other cases of metastatic 
calcification associated witli neither renal failure nor parath 3 T 0 id 
overactivity (table I, p 174) We have mcluded only cases in which 
blood calcium and phosphate estimations have been made The 
common sites of calcification in this series were the subcutaneous 
tissues, Iieart and arteries, and to a lesser extent the lungs Renal 
calcification is common, but we liavo not regarded this as an 
expression of metastatic calcification if the kidney was the only 
organ involv ed Tw o cases of extreme arterial calcification m 5 oimg 
awb^ects lenal nckets btvxe been tis 

metastatic calcification Calcification of the stomach, often 
described as part of tlie syndrome, is conspicuously absent 

Including our own, there are sixteen cases of metastatic 
calcification associated with renal disease (table I) , in eleven of 
these there was gross parathyroid hjqierplasia and in only one was 
parath^TOid hyperplasia definitely excluded In addition there 
are six cases wath parathyroid hyperplasia but no metastatic 
ealcification, and three cases of destructive lesions of bone without 
gross renal disease or paratiiy roid hyperplasia It is at once 
evident that among the cases -with metastatic calcification there is 
a large proportion in which eitlier the serum calcium or serum 
phosphate is raised without a corresponding fall m the other ion, 
but in order to deal adequately with these cases it is necessary to 
consider, firstly, whether a standard can be established for the 
saturation levels of calcium and jihosphate in sermn, and secondly, 
the regulatory’’ mechanisms whereby the level of blood phosphate 
IS ordinarily low ered 111 response to rising calcium or blood calcium 
lowered in response to rismg phosphate 

* Tlie fact that bone disease may occu 
js absent is jllastrnted by the findings of 
renal d^\ arfism and renal ricl ots anti four 
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Saturation of aentm with calcium and phosjdiate 

The serum calcium exists in two fractions, non-diffusible and 
diffusible. Only the diffusible" fraction can be concerned in an 
equilibrium with phosphate determining the saturation level. It is 
well established that the non-diffusible calcium is combined with 
protein and that there is a simple chemical equilibrium between 
tlie diffusible and protein-bound calcium according to the law of 
mass action. The constants for this equilibrium have been worked 
out by Greenberg et al. (1934-35) and by McLean and Hastings 
(1935 a and b ) ; their formulae are differently expressed but give 
similar results. Either the nomogram of McLean and Hastings or 
the formula of Greenberg et al. can be used to calculate the diffusible 
from the total calcium when the serum protein level is knomi. 

The normal range of diffusible serum calcium is from 4'5 to 
6-5 mg. per 100 c.c. Since this represents a higher concentration 
than would be expected from the solubilities of the salts which may 
be present, earlier workers in this field eitlier postulated a true 
supersaturation of normal serum in respect of calcium and jjhosphate 
ions, or assumed that a considerable part of the free calcium 
occurred in the form of a non-ionised complex. Sclnnidt and 
Greenberg (1935) in their review showed that there was no positive 
evidence for such a non-ionised fraction, and the subsequent work 
of McLean and Hastings (1935a) strongly supports the view that 
the diffusible calcium is almost all ionised. This implies that under 
the complex conditions in serum the solubility is greater than had 
been calculated from the physico-chemical data available, aird that 
one camiot calculate the saturation level in serum by ordinary 
chemical methods. However, since the plasma is in chemical 
equilibrium with the extravascular tissue fluid and this fluid is in 
contact vuth the solid salts of bone, it seems that normal serum 
cannot be far below saturation point, otherwise the solid bone 
could not be permanently preserved. Uncertainty as to the precise 
solid compound involved makes it impossible to calculate the 
solubility product for a solution in contact with solid bone. 
Bobison’s theory of bone deposition, which has good experimental 
support, postulates that the phosphatase of the osteoblasts liberates 
inorganic phosphate in the region of the cell, thus causing local 
over-saturation and deposition of calcium phosphate. The theory 
hnplies that the tissue fluids are somewhat under-saturated except 
in the region of phosphatase action, but the mechanism fails if 
there is gross under-saturation, as in nutritional rickets and 
osteomalacia. 

Further evidence that normal serum is not much below saturation 
level is afforded by the fact that when the concentration of either 
calcium or phosphate is artificially increased by the addition of 
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eitlier ion, a colloidal complex containing calcium and phosphate is 
formed Tins occurs both in tiiro and %n mo (Grolhnan, 1927 , 
Scholtz, 1931 , Laskowslvi 1933, Greenberg aZ , 1934 35, McLean 
and HinncJis, 1938) The composition of this complex is not 
Ivnomi, but it is reasonable to suppose that it represents a separation 
of iindissoeiated calcium phosphate, nhich remains dispersed in 
colloidal form presumably because other colloids (proteins) prevent 
its aggregation as a gross precipitate It is interesting that Ger^sh 
(1938) in makmg histological studies of the material of McLean and 
Hinrichs, observed that ■«hen the colloidal calcium phosphate 
complex Mas formed it was taken up by reticulo endothehal 
cells We M ere unable to demonstrate deposition of calcium 
phosphate m the reticulo endothelial system in our case of meta- 
static calcification 

We have made furthei calculations from the data of McLean and 
Hinnchs and Greenberg cZ n? * m an attempt to detemime the 
corresponding saturation levels of calcium and phosphate We 
ha\e assumed that the presence of the colloidal complex is a sign 
of over saturation On this vien , tlie concentration of non 
colloidal calcium and phosphate m a mixture ivluch contains the 
colloidal complex will be exactly at the saturation Ie\cl under 
conditions of equilibrium The data of Greenberg et al supply 
figures for diffusible calcium and phosphate in systems uliere the 
non diffusible complex had been formed by addition of calcium 
salts to serum We Jiave interpreted tliese figures for diffusible 
calcium and phosphate as shomng saturation values duectly 
TJie data of McLean and Hmnclis give figures for ionised calcium, 
protein bound calcium and the calcium of the colloidal complex, 
and for total phosphate These results uere obtamed by addition 
of phosphate to serum in mo and in vitro We have used only 
the data for systems contammg the coUoidal complex at equihbnum 
mth the non colloidal fractions We have calculated the non 
colloidal or “ free ” phosphate by correctmg the total phosphate 
figures for the colloidal phosphate on the assumption that the 
proportions of Ca to P in the complex are those of Ca3(P04)2 In 
fact, as this is a small correction on a large total phosphate, it 
makes little difference vhether one assumes Ca3(P04)2 or CaHP04 

The results are striking in that when one plots free calcium^ 
against free phosphate one obtains very nearly a rectangular 
hyperbola correspondmg to a constant CaxP product of 30 (iiheu 
Ca and P are expressed as mg per 100 c c ) Fig 7 shows the points 
derived from the origmal papers and the curve correspondmg to 


* Only these two papers afford suitable data Laskowski also has figures for 
diffusible calcium and phosphate in sera to which either calcium or phosphate was 
added but his ultrafiltrates were in manj cases trul> supersaturated and do not 
represent eqiulibrmm conditions 
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Ca'*"*' X P — 30.* It is strildng that the data derived from McLean 
and Hinrichs, with raised phosphate, link up smoothly with those 
of Greenberg et al., ■with raised calcium. The diagram also shows 
the zone of diffusible Ca and phosphate in normal serum, wliich 
falls only just below the saturation level. 



Fig. 7. — Corresponding values of non-colloidal calcium and phosphate at the 

saturation level. 

Continuous cur\'e = rectangular hyperbola corresponding to CaxP = 30. 
Plotted points = solid circles show data calculated from McLean and 
Hinrichs ; open circles show data of Greenberg et al. 

Shaded area = zone of diffusible calcium and total phosphate in normal serum. 


In the following discussion this saturation curve is used as a 
standard of reference. Where only the values for total calcium are 
available, we have compared them with “ saturation curves ” 
obtained by calculating, from the diffusible calcium, the correspond- 
ing total calcium levels at the extreme limits of normal serum 

* If the solid were Ca3(POj)2 the constant should be X (PO4)'. TJus 

value is in fact not a constant. The finding of a constant value for (Ca'*"*') X (PO4) 
suggests that the proportions of calcium and phosphate in the solid are those of 
CaHPOj. 
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protein. Tliese standards are put forward tentatively, "but they 
have the advantage over otlier formula in that they are based on 
the levels at which calcium and phosphate separate from true 
solution. On the other hand, they do not allow for changes in 
solubility at different hydrogen ion concentrations. 


Reciprocal adjustment of calcium and jiliosphate 

In hyperparathjToidism a rise in serum calcium is accompanied 
by a fall in serum phosphate and the reverse occurs in parathjToid 
deficiency. In renal insufficiency a rise in serum phosphate is 
associated wth a fall in serum calcium. It is often stated, in general 
terms, that there is an *Mnvcrse ratio of calcium and phosphorus ”, 
but this description may be misleading, for if the primary 
abnormality is a fall in one ion, the other does not necessarily rise. 
The important point seems to be that so long as the regulatory 
mechanisms are functioning efficiently, a rise in one ion is 
balanced by a fall in the other, and over-saturation is avoided or 
minimised. 

In primary hyperparathyroidism without renal disease hyper- 
calcemia is accompanied by low serum phosphate. The phosphate 
is either definitely subnormal or in the low normal range. The 
parathyroid hormone causes increased urinary e.vcretion of both 
calcium and phosphate, a rise in serum calcium and a fall in serum 
phosphate and mobilisation of salts from the bones. An attempt 
has been made by Albright and Ins collaborators (Albright et a/., 
1929 ; Albright and Ellsworth, 1929) to relate all these changes 
to a primary effect on the renal excretion of phosphate. According 
to this view the primary action of the hormone is to lower the renal 
threshold for phosphate. The increased phosphate excretion leads 
to a fall in the phosphate of the plasma so that it becomes un- 
saturated in respect of calcium phosphate and thus dissolves calcium 
phosphate from the bones. Mobilisation of calcium from bone 
raises the serum calcium and this in turn leads to increased urinary 
excretion of calcium. We do not accept the view that the change 
in serum calcium in hyperparathyroidism is secondary to the change 
in serum phosphate. Thomson and Pugsley (1932) have shovTi that 
a fall in serum phosphate does not in itself lead to a rise in serum 
calcium. We have recently observed a case of primary liyper- 
parathyroidism in which, after parathyroidectomy, the serum 
calcium fell at once, whereas the plasma phosphate took several 
weeks to return to normal (from a pre-operative level of 0*5 mg. P 
per 100 C.C.). Moreover, if the decalcification of the bones were duo 
simply to under-saturation of the plasma in respect of the bone salts, 
one would expect a simple decalcification such as occurs in osteo- 
malacia, whereas in fact the anatomical lesions in hyperpara- 
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thyroidism indicate active participation of the bone cells. TJierefore 
it seems that the parathyroid hormone acts directly on botii bone and 
Jvidney. The occurrence of osteitis fibrosa and metastatic calcifica- 
tion in the secondary parathyroid hyperplasia of renal disease, 
wlien the plasma phosphate is high, can only be explained on the 
view that the mobilisation of calcium from the bones is due to a 
direct effect of the parathyroid hormone on the bones. 

In fig. 8 are shown data for serum calcium and phosphate in 
primary hyperparathyroidism without any known renal lesion. These 
are derived from the cases collected by Hunter and Turnbull 
(1931-32), together with seven unpublished cases seen in this liospital. 
As serum protein levels are unknoum for most of tlie cases, the values 



fiQ. 8. — Corresponding values of total serum calcium and inorganic phosphate in 
primary hyperparathyroidism. 

Continuous curves, upper and lower, show the saturation levels for serum 
protein 8-5 and 5-6 per cent, respectively. 

Plotted points = cases of hyperparathyroidism. 

Shaded area = zone of normal aerum calcium and phosphate. 

plotted are those for total calcium, and two saturation curves are 
given, one corresponding to serum protein 5-6 per cent., the other 
to serum protein 8-5 per cent. The points all fall below the 
saturation level. (Two cases of Duken’s (1928), quoted by Hunter 
and Turnbull, are excluded because the original reports show that one 
was a case of sarcomatosis and in the other the diagnosis of primary 
hyperparathyroidism was not established. Both showed over- 
saturation.) It is evident that the regulation of phosphate in 
primary hyperparathyroidism is fully efficient in preventing over- 
saturation of the serum in the absence of gross renal insufficiency. 

The mechanism whereby the serum calcium is lowered in response 
to the raised phosphate in severe renal insufficiency (in tlie absence 
of gross parathyroid hyperplasia) is not well understood, but it 
seems that an increase in faecal excretion of calcium phosphate is an 
important factor. Although phosphate is increased in the blood. 




6 6 to tZ 

FREE Ca MG per 100 cc 

Fio 9.- — Corresponding values forddfusible calcium and total inorganic phosphate 
„ in renal failure. > 

Continuous curv'e = saturation level. CaxP = 30. 

dotted line = formula of Peters and Eisorson, based on cases of renal disease 

Plotted points = cases of Herbert and Salvesen and Lmder 

Shaded area = zone of diffusible calcium and total phosphate in normal sonim. 

Blitcliel! (1930) and Mifciiell and Guest (1938). The increase in 
fffical excretion of phosphate favours precipitation of calcium 
phosphate in the gut, and this is probably a factor in Ion ering the 
serum calcium. Wliether tliis is regarded as a trulj' physiological 
regulation or not, it seems to he a relatively mefficient means of 
preventing over-saturation of the serum, especially -n-hen the serum 
phosphate is ver 3 ' high. In fig. 9 are shovn data for diffusible 


Table I 

Cases of secondary parathyroid hyperplasia or metnstalic calcification or both collected from the literature 
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• Uw » Qtturcs are all tTprcsscd as iicca Somu hise i «n recalcnhtw! ^Iteie tlic <itlglWkl\a\vifS’ftt‘re g\>on as imn nltrogcii 
t Only one figure out of six was Ijelow a 0 mg percent | In iHjrtod of metastatic cnlclflcatlon 
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calcium and total phosphate in renal failure. The points plotted 
are taken from the papers of Salvesen and Linder (1923-24) and 
Herbert (1933). Diffusible calcium Avas determined in Herbert’s 
Avork and has been calculated from tlie total' calcium and protein 
figures of Salvesen and Linder. In addition the formula of Peters 
and Eiserson (1929) has been utilised, and the dotted line in the 
graph shoAvs their results calculated in terms of the relation betAveen 
diffusible calcium and phosphate. The data Avere derived from 
cases of renal disease Avith raised phosphate. It aaoII be seen that 
Avith serum phosphate in the region of G-9 mg. per 100 c.c. the levels 
of calcium and phosphate in these cases usually fall slightly beloAV 
or sliglitly above the saturation curve, but Avith greater rises in 
phosphate the apparent saturation level is consistently exceeded. 
It must be remembered, hoAA'^ever, that the genuine saturation level 
may be raised in such cases by acidosis.- This may explain the 
absence of clinical evidence of gross calcification in this type of case. 
3Ioreover, in many of these cases tlie over-saturation may Jiave 
been a terminal condition of short duration, though this is not 
ahvays so ; some of Herbert’s cases shoAved apparent over- 
saturation for long periods. It is possible that tissue analyses in 
cases of this type might shoAv evidence of increased calcium in 
advance of gross calcium deposition. Altliough gross metastatic 
calcification is absent in cases in Avhich the apparent saturation 
level is exceeded, it is of interest that this apparent over-saturation 
is common in renal failure, Avhereas it is not found in primary 
hyperparathyroidism AActhout renal disease. 

In most cases of renal rickets the serum calcium falls in response 
to a rise in serum phosphate, but not invariably. Parsons (1927) 
records some instances in Avhich both serum calcium and serum 
pliosphate Avere high, and the serum Avas presumably over-saturated, 
Avithout any record of metastatic calcification. 


Analysis of 2}ublished cases 

We return noAV to the collected cases in table I. The first six 
are instances of renal disease with secondary parathyroid hyper- 
plasia but AAnthout metastatic calcification. In the four cases of 
Gilligan et al. (1938) the parathyroid hyperplasia Avas of the slight 
degree commonly met Avith in chronic nephritis (Pappenlieimer and 
Wilens, 1935), and the rise in serum pliosphate Avas associated Anth 
a loAA'ering of the serum calcium sufficient to bring the blood levels 
beloAV saturation point. In our vicAv these cases represent a stage 
at Avhich the parath3n’oids Avere responding to the stimulus of 
hypocaleamiia but had not yet reached sufficient activity do raise 
the serum calcium to the saturation level. Li the case of Price and 
DaAue (1936-37) there Avas gro.ss parathyroid hyperplasia and the 
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blood calcium \\as above normal, the blood vas j^robably sliglitly 
over saturated but there nas no metastatic calcification BuJLen’s 
case IS similar, slio^nng apparent over saturation %v’ithout metastatic 
calcification, but here tliere vas a severe acidosis 

The remaimng mneteen cases all sbou metastatic calcification 
In seventeen, figures for both serum calcium and serum phosphorus 
are available As several ha\e no figures foi serum protein, 



total Ca mg I>£R JOOcc 

JFTo 10 — Corresponding values of total calcium and inorganic pho^hate in 
metastatic calcification 

Platted points = cases of metastatic calcification 

Continuous curves upper and lower, diow saturation levels at sorum protein 
8 5 and 5 6 per cent respectively 

Dotted lines correspond to the formula of Peters and Ei'serson at serum protein 
8 5 and 5 6 per cent Thej indicate approximately the region of cor 
responding Ca and P figures in ordinary cases of renal failure 
Shaded area = zone of nqrinal calcium and phosphate 

have plotted m fig 10 the values for total calcium and pliosphate, 
together ^\lth the “ saturation curves ” corresponding to the extreme 
limits of normal serum protein (5 6 and 8 5 per cent ) It vnll be 
seen that no points fall below the lower curve and all but si\ fall 
on or above the upper Among the renal cases it is hnoi^m tliat 
some Iiad subnormal serum protein and it may safely be assumed 
that none vould ha\e raised protein (except case 22, vhere tlio 
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primary condition was multiple myeloma). It is therefore safe to 
assume that the points on or above the upper curve indicate over- 
saturation according to our standard. Further details are of 
interest in regard to the six points falling between the two curves. 
In three of these, protein figures are available (cases 17, 20 and 24). 
The point plotted for case 17 is a mean of several determinations, 
some of which showed over-saturation and others levels below 
saturation. In cases 20 and 24 the level is slightly above saturation 
when the protein figure is taken into account (see. table II). In 
case 8 the point plotted is the mean of two pairs of analyses, one 
of which would have fallen above the upper curve of fig. 10. So 
in these four cases the saturation level was exceeded, at least 
temporarily. This leaves only two cases (11 and 22) in which it 
is uncertain whether our empirical saturation level was exceeded 
or not. Both would be supersaturated if the serum protein was in 
the low normal range or subnormal. 

In table II are shown more details of the cases in which serum 
protein figures are available. In aU, the product free OaxP 
exceeded 30 at some time. 


Table II 

Gases of metastatic calcification in which full blood analyses are 
available. (Numbering of cases as in table I) 


Case no. 

Total serum 
protein 
(per cent.) 

Phosphate, mg. 
P per 100 c.c. 

Total Ca, 
mg. per 100 c.c. 

Free Ca, 
mg. per 100 c.c. 
(calculated) 

Product, 

freeCaxP 

9 

6-0 

12-0 

11-7 

6-1 

55 

12 

4-9 

7-9 

101 

5-7 

45 

17 

6-56 to 6-98 

4-2 to 7-8 

9-4 to 12-4 

4-3 to O'O 

22 to 40 

18 (a) * 

7-5 to 7-7 

4-0 to 6-7 

9-8 to 11-3 

4-2 to 4'9 

17 to 32 

(6) + 

6-1 to 7-0 

8-0 to 9-2 

101 to 121 

4-7 to 6-4 

38 to 54 

20 

4-66 

5-3 

12-5 

7-7 

41 

22 

6-22 

4-7 

20-6 

12-2 

57 

23 

4-67 

3-5 

15-6 

lO'l 

35 


r 5-8 

5-0 

18-2 

11-2 

56 


1 5-5 

4-1 

18-7 

11-8 

48 


* Before onset of subcutaneous calcification, 
t Metastatic caiciflcattoti well established. 


We shall now consider the conditions associated with metastatic 
calcification in more detail. In cases 7-16 the primary abnormahty 
is renal disease and there is gross secondary parathyroid hyperplasia 
■with over-saturation of the serum and metastatic calcification. In 
cases 14 and 15 phosphate figures are not available but, as the 
calcium is either at the normal max im um or raised, it is probable 
that these resemble the cases in which full data are available. In 
cases, 11 and 13 the serum calcium is reduced, but not sufficiently 
to avoid over-saturation. In cases 17 and 18 the parathyroids were 
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nob examined, but otherwise these resemble the group ^nth para- 
thyroid hyperplasia and metastatic calcification and show normal 
or raised serum Ca with raised phosphate, causing over-saturation. 
In cases 19 and 20 there was a similar syndrome, except that the 
parathyroids were searched for and no hyperplasia found ; it is 
possible, however, that parathyroid hyperplasia maj?- have been 
missed. In Lightwood’s (1932) case (no. 19) only one parath3Toid 
gland was examined. In Brorni and Ginsberg’s case no. 20 (1940) 
no parath;^Toid tissue was found in the normal site, so it is not 
unreasonable to suppose there was some ectopic hyperplastic para- 
thyroid tissue which was not found. 

Among the group with secondary parathyroid hyperplasia and 
metastatic calcification the case of Bass and Pakter (1938) is of 
special interest. These authors give a series of blood analyses 
before and after the appearance of subcutaneous calcium deposits. 
Only those made during the period of metastatic calcification are 
shown in table I, but the complete series shows blood figures below 
or at the saturation level in the early stage of the case, and definitely 
above the saturation level during the stage of gross metastatic 
calcification (see table II, case 18). 

The case of Platt and Owen (1934) falls in a different category 
from those so far described. Here there is a gross increase in phos- 
phate and a low sermn calcium with normal paratliyroids. The 
point in fig. 10 corresponding to this case falls in the region of the 
formula of Peters and Eiserson — tliat is to say, the serum is over- 
saturated by our standard, but not more so than in many ordinary 
cases of renal failure. This is an instance of over-saturation due 
simply to phospliate retention inadequately compensated by tlie 
fall in serum calcium, and the metastatic calcification seems to be 
due to this alone, without any parathyroid overactivity. 

TJie case of Barr and Bulger (1930) gives a point faUing in the 
marginal zone bet^veeii the two curves of fig. 10. The serum would 
be over-saturated if the serum protein was low or in the low normal 
range, but since the primary disease was multiple myeloma, it 
cannot be assumed that the serum protein was normal. This case 
cannot be satisfactorily interpreted -without the serum protein figure: 

Cases 23 and 25 are instances of metastatic calcification associated 
until destmetive lesions of bone. In both, the Iddneys were normal 
and both show over-saturation of the blood due to the association 
of liigh serum calcium with normal phosphate (see table II}. Here 
it seems that rapid bone destruction liberated calcium and phosphate 
faster than tliey could be excreted and, as the level of parathyroid 
activity was normal, there would presumably be no lowering of 
the renal threshold for phosphate to assist its clearance from the 
blood. In case 24 the primary lesion is not known. The renal 
damage was not sufficient to cause phosiihatc retention and over- 
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saturation of' the serum is due to the coincidence of high serum 
calcium with normal serum phosphate. 

We have considered also a case reported by Durham (1928). 
There was generalised calcification with chronic nephritis and 
scleroderma ; the parathyroid glands were normal and the serum 
calcium was 7-6 mg. per 100 c.c., phosphate 4-77 mg. P per 100 c.c. 
and non-protein nitrogen 60 mg. per 100 c.e. The author reported 
it as a case of calcinosis universalis and in view of the association 
■vnth scleroderma this is probably the correct diagnosis. The blood 
calcium and phosphate fall well below the saturation level, and if 
the case were regarded as metastatic calcification it would be the 
one clear exception to the rule that in metastatic calcification the 
serum is over-saturated. This is probably an instance of the 
chance association of calcinosis universalis with renal disease and 
has been excluded from the series Avith metastatic calcification. 

From a consideration of the whole series Ave may say that 
although apparent over-saturation of the blood may occur Avithout 
metastatic calcification, metastatic calcification never occurs without 
over-saturation. Where renal disease is the primar}’’ abnormality, 
the over-saturation and metastatic calcification may occur simply 
from an increase in phosphate insufficiently compensated for by 
falling calcium. When there is also gross parathyroid hyperplasia 
tending to raise sermn calcium, over-saturation is ineAutable and 
metastatic calcification is likely to occur. In destructive bone 
lesions AAdthout renal disease, over-saturation and metastatic 
calcification may be due to a rise in serum calcium AAdthout a 
corresponding fall in phosphate. 

Summary 

1. A case is described shoAAdng the syndrome of clrronic renal 
disease, secondary parathyroid hyperplasia, decalcification of bones 
and metastatic calcification. Both serum calcium and serum 
phosphate were above normal. Cases in the literature are revieAA^ed. 

2. A tentative standard for the saturation levels of serum 
calcium and serum phosphate is put forward and used as a criterion 
in interpreting the blood analyses in various conditions. 

3. In primary hyperparathyroidism AAdthout renal disease the 
fall in serum phosphate is adequate to compensate for the rise in 
calcium and over-saturation is aAmided. 

4. In renal failure AAdthout parathyroid hyperplasia the rise in 
plasma phosphate is associated with a fall in serum calciimi, but 
this is not ahvay^s sufficient to prevent apparent over-saturation. 

5. In long-standing clrronic renal disease secondar}' parathjnoid 
hyperplasia may develop, presumably' in response to the Ioav 
serum calcium. This parathyroid activity raises serum calcium 
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toMards or oven above normal, nhile tbe pliospliate remains lugli 
0\ or saturation results and metastatic calcification occurs in the 
majonty of such cases 

6 In destructu e lesions of bone, over saturation of the blood 
and metastatic calcification ma5' be due to a nse in serum calcium 
u ithout any fall in senim phosphate 

7 Metastatic calcification seems to occur only m cases shoivmg 
o\ er saturation of the serum in respect of both calcium and 
pliosphate 

We wish to etpre'>'^ our thanks to Dr P J Nattrasj, for permission to 
publish the clinical record of the case here reported and to Dr ^\liately 
Davnd^on for the radiological reports 
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THE EFFECTS OF SULPHANILMnDE, SULPHA. 
THL4Z0LE AND SULPHAPYEEDINE ON THE 
DEVELOPiHENT OP GRANULATION TISSUE 
AND THEIR TOXIC ACTION ON STRIPED 
jRUSCLE 

L E GI.y^^ 

Department of 'Morbid Anatomy^ Vmicrsity College Hospital 
Medical School, London 

(Plates Xn-X\0 

The ’mclcspread use of chemotherapeutic drugs introduced in 
powdered form into wounds as a prophylactic against T^ound 
infection has rendered desirable knowledge as to their effects 
on the tissues themselves and on the normal heahng processes 
Russell and Falconer (1940) have already shown that small 
quantities of sulphanilamide and sulphap^Tidine inflict no 
appreciable damage ^ hen applied in powdered form to the brain, 
vhile Key and Burford (1940) report that the inliibitory effect 
of po\\dered sulphamlamide apphed locally to healing fractures 
in dogs is shght or negligible On the other hand Bncker and 
Graham (1939), utihsing the technique of Harvey (1929), by nluch 
the fibroblastic response man ound is estimated from the tension 
necessary to niptme it, have shown that the oral admmistration 
of sulphamlamide to dogs with e\penmental wounds results in 
a marked inhibition of fibroblastic response, especially between the 
third and fifth da 3 's of heahng Similarly, and Juhus (1939), 

in a study of the effects of sulphamlamide on fibroblasts 111 tissue 
culture, have demonstrated that in concentrations of the drug 
exceeding 3 parts per 1000, defimte mjurious effects are obtained 
Although it IS impossible for the concentration m the blood to exceed 
tlus level foUovnng a local application (Ha^iking, 1940), nevertheless 
the concentration in the serum exuding from the wound may reacli 
6 G parts per 1000 (Jensen et al , 1939) The possibility therefore of 
tissue mjury and fibroblastic inhibition in uio ments further 
investigation 
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Technique 

The estimation of the fibroblastic response in a wound by enumeration of 
the fibroblasts offers considerable technical difficulty, mainly in determining 
the anatomical limits within which the count should bo made. Tlris difficulty 
was largely overcome by utilising, instead of a simple woimd, the develop- 
ment of granulation tissue wliich takes place aroimd any piece of blood clot 
inserted between fascial planes, the latter making readily definable landmarks 
between which the fibroblasts could be coimted. ■ 

The material for this study was the granulation tissue developing around 
discs of rabbit blood clot introduced into the subcutaneous tissue of that 
animal. In the rabbit’s skin (fig. 1) there is a natural plane of cleavage 



Fig. 1. — Section through rabbit’s skin and subcutaneous tissues of rabbit showing 

blood clot in situ. 

A Subcutaneous connective tissue. E Natural plane of cleavage. 

B Platysma. F Granulation tissue deep to clot. 

C Fascial plane deep to platysma. 6 Fascia covering deep musoulnturo. 

D Granulation tissue superficial to clot. H Muscle. 


between the dense fibrous layer deep to the platysma and n similar sheet 
covering the deep musculature. An incision about 2 cm. in length was 
made in the skin of the haimch and a pair of blunt -pointed scissors introduced 
to form a pocket in the natural plane of cleavage between the skin and the 
deeper structures. On the right side 0-25 g. of the substance under 
investigation was introduced, followed by a disc of rabbit blood clot 1 cm. 
in diameter and about 3 mm. thick. The wound was then closed by 
interrupted thread sutures. A similar operation was performed on the left 
side but omitting the introduction of tho drug. Controls %vithout drug on 
either side were also studied. Tho clot used was of blood withdra%vn about 
3-5 hours previously and from which the bulk of tlio serum had already become 
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Pl/ATE XII 


Actxov of surj^iiox^^nDEs ox tissues 



Flo. 2.*— Sectjon of a 7 days-old uouml treated witli sulphapyndiiie, showing 
tho clefts m which the dnig was stdl present. Note the invasion by 
fibroblasts of tho spaces between the sobd particles of the drug. H and E. 
X330. 



Fio. 3 — Section of a 24-hours old wound treated with sulphanilamido, showing 
marked necrosis of soveinl lajors of muscio fibres. H. and E. x85. ^ ■ 




JOUEVAL 01 rATHOLOGl— \0L LIII 


Plate Xm 


\cTioN or sxTLrnoN-AsnDEs on Tisstrrs 



Fio 4 — Section of a 3 daj s old wound treated with sulphanilamide, showing 
Jij alino degeneration of muscle fibres and in\ osion of the muscle by granulation 
tissue H and C x83 



Tio 5 — Section of a 7 dnjs old ii oiind trentcd with sulphanilamide, showing o\ton 
si\c inxnMon of the injured inusclo bj pranulotion tiSaiio H nn<I K <87 
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Plate XR^ 


Acnov OP suM’iro'NAaaDCs on tissxtes 
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XV 


Actiov of suiipnoN ^'^noES on tissues 



Fio 8 — Section of ft 24 liours old wound treated witli suJpliaflnazole shouing a 
zono of coaguJated eTudafo and poljmorpJionucIenr leucoejtes and slight 
cpdema of the neighbouring muscle H and E x 85 
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10 per cent foiTnol <saline Anim-iL^ m whjch the iround?. became «eptic were 
discarded The material ^vos embecldeci m paraffin , section^ were cut 7 fi 
thick and stamed with Ehrhoh’s acid li'cmatoxjlin and eo^in, IHasson - 
lucmoto'Yj Im, fucliain ponceau and light green and Laidlaw’s reticulum stain 
It was found that the most ’’atisfacton method of comparing the granulation 
tissue development was bj counting the fibroblasts pre‘»ent in strips of 
standard width extendmg from the superficial to the deep fibroiw shcatlis 
inciusno and passing through the disc of clot The coimt was performed 
at a magnification of 440 diameters, the width of the strip bemg kept constant 
by the introduction into the e-vepieco of an obturator with a fixed Imeargap 
Care was taken to cut the sections at nght anglers to the surface of the clot 
and to choose sections near the cenfro of t?ie clot on which to make the 
coimt In eacli case the figures given are the mean of at least five such 
coimts 


Results 

Qualitatnc effects of tlie drugs on the derelopment of granulation 
tissue are shght In each case during the first 3 days cudema and 
polynioqihonuclear cell emigration «cre more marhed on the 
treated side but neither « as excessive In the animals treated inth 
Bulphathiazole, crystals of the drag ti ere visible both macroscopically 
and microscopically as late as 5 days after the operation Sulpha 
pyridine was still present in solid form after 7 days, ii hilst sulpliami- 
amide had completely dissolved ot 2-t hours In no case vi as there 
any giant cell reaction to the presence of the cry stals, ex en xrhen 
these had been present for 7 days The macrophage response in 
these XX ounds, roughly estimated from the degree of invasion of the 
mtcoduced blood clot, did not appear to be impaired, although 
phagocytic activity as shoxrn by mtracellular hiemosiderm xxas 
distinctly' less m the treated than m the untreated xvounds In 
this respect no significant flifference xvas noted between the three 
drugs mvestigated The development of nexr blood vessels varied 
xnthin xnde bouts but the variations showed no correlation xvith the 
treatment and no inhibitoiy effect coaid therefore be assigned to 
any of the compounds No quahtative differences Here detected in 
the appearance of collagen or pre collagen fibres as a result of any 
of the drugs investigated 

The quantitative effect on granulation tissue formation as 
determined by’ fibroblast counts at a, 7 and 14 days is slioxvn in 
table I The difference hetxreen the proliferation of these cells in 
the control animals and in those treated xnth siUphamhmide are 
not statistically significant The differences at 7 days between 
the control animats and those treated xnth either sulpliatiuazole or 
sulphapyridine are on the border line of ivhat is usually' accepted as 
significant Tins remarkably shght inhibitor} action is xvell 
illustrated in fig 2, in which proliferating fibroblasts can be seen 
invading the spaces between the crystalhne particles of the drug 
Tile absence of any apparent fibroblast inlubition in the presence 
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of sulphanilamide is probably due to the stimulating effect of 
injured muscle tissue {vide, infra). 


Tabijs I 

Relative mean cell counts of granulation tissue in wounds subjected to 
the local influence of sulphanilamide and its derivatives 



Controls 

Sulphanilamide 

Sulphathiazole 

Sulpliapyridine 

Days after 
operation 

No. of 
animals 

Mean 

cell 

count 

a 

No. of 
animals 

Mean 

coll 

count 

fl 

No. of 
animals 

Mean 

cell 

count 

a 

Xo. of 
animals 

Mean 

cell 

count 

a 

5 

4 

73 

12-1 

2 

42*5 

0-5 

2 

47 

11 




mm 

6 



4 

92-5 

34 

4 

56 

8-2 

4 

71 

4-4 

■ 

6 

131 


2 

108 

14 

3 


10-0 



■ 


Table II summarises the findings as regards injury to the 
underlying striated muscle in these experimental wounds. This 


TabiiE II 

Injury to voluntary muscle by sulphanilamide and its derivatives 



Controls 


Sulplianilamlde 

Sulphathiazole 

Sulphapyrldine 



Decree 



Degree 



Degree 



Degree 


Days 

of muscle 


Days 

of muscle 


Days 



Days 

of muscle 

lab. 

after 

Injury 

lab. 

after 

injury 

lab. 

after 

injury 

lab. 

after 

injury 


Opera- 



no. 

opera- 



no. 

opera- 



no. 

opera- 




tlon 




tion 




tion 




tion 


■■ 



B. 

L. 



R. 

1. 



R. 

1. 



B. 

B 

31 

1 



63 

1 

+ + 

_ 

25 

1 

_ 

_ 

62 

1 

+ + 

± 

32 

1 

— 


54 

1 

+ + 


26 

1 


— 

63 

3 

— 

+ 

38 

2 


— 

50 

5 

+ 

— 

27 

2 

— 

— 

64 

7 

+ + 

4" + 

40 

3 

— 

— 

51 

5 

+ + 

— 

28 

2 

— 

— 

65 

7 

— 

— 

41 

3 

— 

± 

47 

7 

+ + 

+ 

29 

3 

— 

— 

66 

7 

— 

— 

33 

5 

— 


48 

7 

+ + 

+ 

30 

3 

— 

— 

67 

7 

± 

— 

39 

5 

— 


52 

7 

+ + 

— 

21 

5 


— 





34 

7 

— 

— 

61 

7 

+ + 

— 

22 

5 


— 





35 

7 

— 

— 

49 

14 

± 

— 

23 

7 

— 

— 



... 


56 

7 

— 


59 

14 


— 

24 

7 

— 

— 



... 


36 

14 


— 




... 

57 

7 

— 






37 

14 

— 





... 

60 

7 



— 


... 



55 

14 

— 

— 


■H 


... 

44 

14 

— 

— 




... 

... 







... 

45 

14 

— 

— 







... 

... 


■ 

... 

... 

58 

14 

— 

— 


... 




± = a few injured fibres. 

4- = injury of superficial 2-3 layers of muscle fibres. 

4 4 = injury more extensive and involving a depth of 5 or 6 muscle fibres. 

B. = treated side, L. = control. 

injury is never extensive : at most it affects the superficial 5 or 6 
layers of muscle fibres. It wiU be seen from the table that all the' 
cases treated with sulphanilamide and examined within 7 days 
showed definite muscular injury on the treated side (R.). At 24 hours 
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(fig. 3) this filioived itself by swelling, loss of striation, fragmentation 
anti slight cellular reaction- The later examples (figs. 4 and 5) 
showed invasion of the injured tissue by macrophages and 
granulation tissue (c/. figs. G and 7, from control wounds). Of the 
six cases treated with sulphap^Tidine distinct muscular injury was 
present in three. Of the 15 cases treated witJi sulphatliiazole not 
one showed evidence of muscular injury (figs. S and 9) apart from 
some cedema at 24 hours, and of the 20 wounds in 13 control 
animals a slight degree of injury was present in 2 cases. 

Conclusions 

Sulphanilamido, probably owing to its greater solubility, is 
slightly but definitely more injurious to voluntary muscle than 
eitlier sulphathiazole or sulphapyridino. TJie latter, despite its 
very slight solubility, is more toxic to muscle than the former, 
Tho difiference therefore from dnig to drug is not entirely a matter 
of solubility. This result conforms witli tlie known lack of complete 
correlation between solubility and bacteriostatic action. It must 
be emphasised tliat the actual amount of muscle injured is in any 
case slight and in no way contra-indicates the local application of 
those drugs to flesli wounds. At most it might be suggested that in 
wounds of the face, hands and forearms, where tlie minimum of 
injury and scarring is desirable, sulphathiazole be given preference 
over the other compounds. 

As regards the inhibitory action of these drugs on the 
proliferation of fibroblasts, the effects are so slight that investigation 
requiring a large number of animals would bo necessary to establish 
really significant differences. From the small number of animals 
used here it is nevertheless justifiable to conclude that any inliibitory 
action is too sb’ght to affect materially the healing of any wound 
submitted to their local appUcation. 

Summary 

1. The effects of the local application of powdered sulphanil- 
amide, sulphathiazole and sulphapyridine on the development of 
gramdation tissue have been studied- 

2. A slight, barel}’- significant inhibition of fibroblast proliferation 
is produced by sulphathiazole and sulphapyridine but not by 
sulphanilamide. 

3. Sulphanilamide and to a lesser extent suIphap;;^Tidine have a 
slight but definite toxic action on striped muscle. 

4. Neither the fibroblastic inhibition nor the toxic action on 
muscle is sufficient to contra-indicate the local application of these 
drugs. 

I wish to express my tliankj? to tho Graham Research Fund, University 
-College Hospital Medical School, for a grant towards the expenses of this 
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work. My thanks are also due to Professor A. A. Miles for his kind hospitality 
and interest and to Mr F. C. Crewe and Mr G. A. Homer for valuable 
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THE GROWTH OF COLIFORM RAG HJJ IN 
DISTILLED WATER 

Joseph W. BrocER and J. Havelock Nelson' 

From the School of Pitthology, Trinity College, Dublin 

A PREVIOUS jiaper (Bigger, 1937) recorded tiie grov'tli of various 
t^\"pes of colifonn bacilli in a variety of natural and sand-filtered 
waters. Only rarcl}' were the bacilli found to grow in raw water 
but growth frequently’ occurred in water wlncJi had been autoclaved, 
boiled or filtered through Pasteur-Chamberland (F) candles. These 
observations have been confirnied by a number of other workers. 
TJie late Col. C. H. H. Harold (1937), however, did not confu’m the 
j ©ported effects of filtration, his final conclusion being that candle 
filtration neither appreciably reduces the growth-promoting qualities 
of boiled river-derived water, nor does it induce sucli qualities in 
raw water Harold attributed Bigger’s results to the contact of 
water with rubber tubing during filtration. Ho stated that filtration 
of distilled water, when rubber tubing was used, occasionally 
rendered it grou'th-supportiiig and also that distilled water in whicli 
certain specimens of rubber tubing had been boiled supported the 
grovdh of colifonn bacilli. 

It was primarily to clear up the dispute about filtration that the 
investigation now recorded was commenced, but during the progress 
of tJie W’ork discoveries irere made whicli appeared to be of much 
greater importance than tlie disagreement which originated it, and 
it is with tlieso that the paper is mainly concerned. 

SIethods 

Unless othonrise &tnted, 240 c.c. of water, with or without the aclditioa'? 
mentioned, were lused in. a 500 c.c. flask, ytqiero the water liad been filtered 
or treated otherwise than by heat, this amount was measimjd into the flask. 
A\'liere tJio water was to be boiled or autoclaved, 250 c.c. were introduced into 
the flask and treated in it. Tiio result was a reduction in volume to about 
240 c.c. After coolmg, if neccssarj’, the water was inoculated by adding to 
it 10 c c. of a 1 : 100,000 dilution (in distilled water) of a twenty-hour broth 
culture of the organism tested. The contents were mixed by rotating tlie 
flask, which was then incubated at 37® C. unless otherwise stated. Counts 
of the living organisms present were made from time to time by removing 
nnd plating in agar. For the majority of the experiments the same coUform 
bacillus (bnct. E) was used ns in the earlier W'ork. 
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ExPEKIMENTAIi OBSEBVATIONS 
Experiments on filtration 

Experiment 1. Five Chamberland filters were mounted in tlie 
usual way with rubber connections. Filtrates of distilled water 
from each filter were inoculated with bact. E (250 per c.c.) and 
incubated. In tlnee cases counts of 0 were obtained on the first 
and subsequent days. In one case the count fell slowly to 0, which 
was reached on the sixth day. The fifth filtrate gave counts 
increasing to 3,000,000 per c.c. on the fomth day. It was noted 
that the rubber tubing used to connect the fifth filter to the receiving 
flask was new and that the filtrate contained a fine white powder 
in suspension. 

The one positive result confirmed Harold’s finding that distilled 
water filtered through a porcelain filter mounted with rubber 
connections may be capable of supporting the growth of cohform 
baciUi. 

It now became necessary to determhre if filtration of natural 
waters rendered them groAvth-supporting merely because they had 
been in contact Avith rubber. With this object in Anew, filters were 
mounted by the folloAving method. 

The end of the glass tube connecting the candle to the receiving flask was 
draAvn into a capillary. This was inserted through the nipple into the interior 
of the candle. The junction between the nipple and the glass tube was luted 
with sealing-wax to give an air-tight junction. No water came in contact 
with the sealing-wax but, as a control, distilled water in wluch sealing-wax 
had been boiled was inoculated with bact. E and incubated ; no growth 
occurred. Tins method of mounting filters secvued that water which was 
filtered had been in contact only with the filter itself and with glass. 

Experiment 2. Two portions of a sample of tap Avater were 
filtered tlrrough the same candle. The first filtration Avas carried 
out AAuthout, the second AA'ith rubber connections. Two other 


Table I 

Growth of bact. E in tap water 



Tap water 

Day 



Filtrates from filter 1 



Raw 

Roiled 







Without rubber 

With rubber 

AVith rubber 

AVithout rubber 

0 

280 

280 

280 

280 


280 

3 

0 

0 

400 

0 


1,000,000 

0 

0 

0 




400,000 

7 

0 

0 


HTiiifSiiiiH 


390,000 

10 


0 



29,000 

180,000 


In this and subsequent tables, the figures give the number of bacteria per c.c. 
capable of growing in nutrient agar. 
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portions ivero filtered tlirongh a second candle, rubber connootioas 
being used for the first filtration but not for the second. The usual 
raw and boiled controls of the same sami)Ie were set up and all 
were inoculated •with bact. E, and incubated. The results are 
shomi in table I. 

The water, both raw and boiled, failed to support the gro«-th of 
bact. E, but the organism grew in the rvater after filtration. 
Filtration ■nithout rubber connections appeared to be more effective 
in making the water growth-supporting than did filtration with 
rubber connections. 

Experiment 3. Both distilled water and tap water were used 
for tins experiment. The distilled water was tested after boiling, 
the tap water both raw and after boiling. A portion of the distilled 
water was filtered through a Chamberland filter (no. 11) mounted 
■without rubber connections. Some of the tap water was filtered 
tlirough the same filter, wliieh received no treatment between 
filtrations. A similar filter (no. 12), without rubber connections, 
was used for the filtration of tap water and subsequently, without 
treatment, of distilled water. The results are recorded in table II. 


Table EC 

Growth of bact. B in distilled and in tap water 


BiV 

BlitUlt’d and (Ap iiAter 


Tap Mter 

nitrate^ from Alter U 

Filtratc% from filter 22 

water, boiled 

nail 

Boiled 

PUtiUed 

water 

Tap water 

Top water 

PMilled 

water 

0 

300 

300 

300 

300 

300 

300 

300 

2 

21 

62 

7600 

0 

150,000 

180,000 

0 

5 

0 

0 

600 

0 

76,000 

85.000 

0 

7 

0 

0 

340 

0 

120,000 

110,000 

0 


The raw tap water was incapable of supporting growth. After 
boiling, it supported grondh of bact. E. but only to a small e.xtent. 
Its growth-supporting properties were greatly improved by filtra- 
tion so conducted that the water was never in contact with rubber. 
Filtration of distilled water through the same filters did not render 
it growth-supporting. 

These experiments establish beyond dispute that a natural or 
sand-filtered water which, in its raw state, is not groudh-supporting, 
may acquire the property of supporting the growth of a eoliform 
bacillus as a result of being filtered through a Chamberland filter 
even when all contact ■with rubber has been eliminated. 





192 


J. W. BIGGER AND J. H. NELSON 


It is believed that Bigger’s conclusion that filtration of natural 
and sand-filtered waters renders them growth-supporting by 
removing from them growth-inliibiting substances is valid. 

Experiments with rubber 

Harold’s finding that distilled water became capable of supporting 
the growth of coliform bacilli when rubber was boiled in it was next 
investigated. 

Experiment 4. Nine varieties of rubber tubmg were tested- by 
boiling two inches of each in 250 c.c. of distilled water for about 
five minutes, at the end of which time the tubing was removed. 
When the water was cold it was inoculated mth bact. E and 
incubated at 37° C. In six eases no growth of the bacterium 
occurred, but in three there were increased counts. The most 
marked of these was an increase from 380 per c.c. to 1,200,000 
per c.c. in three days. 

This experiment showed the correctness of Harold’s observation 
that, in some cases, by contact with rubber tubing while boiling, 
distilled water acquired growth-supporting qualities. It was 
observed in one flask in which groAvth occurred that the water was 
turbid owing to the presence of a fine white powder. A similar 
appearance had been observed in the filtrate which gave growth in 
experunent 1. Enquiry showed that this was probably talc or french 
chalk, commonly used as a surface dressing for rubber tubing. 

Experiment 5. This experiment, which confirmed a number 
of others, shows that the effect of rubber on distilled water is due, 
not to the rubber or to a combination of rubber and talc, but solely 
to the talc (table III). 

Table III 

The effect of talc on the growth of bact. E in diMilled water 


nay 



Distilled water 


Boiled 

Boiled with 
new rubber 
tubing 

Boiled w itli 
cleaned new 
rubber tubing 

Boiled witli 
cleaned new’ 
rubber tubing 
Vlus talc 

Boiled with 
talc 

0 

380 

380 

380 

380 

380 

2 

0 

.540,000 

0 

800,000 

1,000,000 

4 

0 

100,000 

0 

750,000 

440,000 


0 

80,000 

0 

2.50,000 

67,000 j 


On scores of occasions distilled water, autoclaved or boiled in 
a flask -w-ith talc, has been inoculated -Rdth bact. E. When the flask 
has been plugged with cotton wool and incubated in air at 37° C., 
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growtli }ms never failed to occur, few hundred per c.c. increasing 
within 2-3 days to several hundred thousand or, on occasion, to 
over one million. 

Tlie growth-promoting substance, wliich Harold stated “ might 
ho derived from sterilised rubber connectioas ”, has now been 
filiovTi to be talc. 


Experhncnls with talc 

Talc is ii^’drated magnesium silicate and is tlicrefore incapable 
of sui)plying the bacteria with either the nitrogen or the carbon 
required for their growth. Since it was thought possible that the 
talc used might bo mixed w'ith some impuritj^ containing either 
nitrogen or carbon or both, it was submitted to various treatments 
designed to purify it. Tiiese included repeated washing in distilled 
Avatcr, boiling in distilled water, roasting in a furnace and prolonged 
treatment with concentrated sulphuric acid. Despite these, alone 
or in combination, the talc, when added to distilled water, rendered 
it capable of supporting the growth of coliform bacilli. It there- 
fore appears to be legitimate to conclude that, although the 
addition of talc to distilled water converts it into a culture 
medium, the talc docs not itself supply the necessary nutritive 
materials. 

In searching for an alternative source of nutriment w’e are forced 
to consider the distilled water used. For all tlie w'ork recorded, 
doubly distilled water was employed. Tap water was first distilled 
in a metal still. The distillate, to wjiich a small amount of potassium 
permanganate was added, was rc-distilled in an all-glass PjTex still. 
All flasks used W'ere thoroughly cleaned and rinsed with this distilled 
■water before use. Very many samples of distilled w'ater were 
tested without the addition of talc and on no occasion did grow'th 
occur. 

Hext w'e must consider tlie inoculum. In all tlie e.xperiments 
except where stated, 10 c.c. of a 1 ; 100,000 dilution in distilled 
•water of a 20-Iiour broth culture of bact. E were added to 
appro-ximately 240 c.c. of w'ater. Tiio dilution of broth in the 
W’ater tested was therefore 1 : 2,500,000. It is highly improbable 
that broth in this dilution w'ould act as a nutrient and, in fact, it 
w’as ascertained (Bigger, 1937) tJiat the liighest dilution of peptone 
in distilled water in W’hich baefc. E grow* w'as I : 5000. 

Experiment 6. In order, liowever, to eliminate the possibility 
of high dilutions of broth supplying nutrient material, 1*0 c.c. of 
-water from a flask wliich had been inoculated as usual and incubated 
was transferred to a fresh flask of distilled w'ater with talc. This w'as 
incubated for two days and O'l c.c. was transferred to a third flask 
and flask-tO'flask passage was continued in this way until, tlie sixtli 
flask was reached, Tlie inoculum wJiich it received was .300 per c.c. 

JOPEN. or PiTB.— TOE un o 
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and on the third day of incubation the count in it was 720,000 per c.c. 
The dilution of broth in this flask was approximated 1 ; 25 x 10^^. 

Experiment 7. The cotton wool used to plug the flasks must 
be considered as a possible source of carbon. This was eliminated 
by an experiment in which a flask was used with a beaker inverted 
over its neck and no cotton wool plug. An inoculum of 320 per c.c. 
increased to 960,000 per c.c. on the second day. 

Experiment 8. This experiment was designed to ehmmate at 
the same time the factors separate^ considered in the previous 
experiments. 

The talc was prepared by roasting for several hours in. a muffle furnace 
and bj' boiling for 72 hotu-s in concentrated sidphuric acid. It was then 
again roasted for 48 hours in a muffle furnace. All the distilled water used 
was triply distilled, first from a metal still and then twice from a Pjrrex 
all-glass still. For the second and third distillations potassiiun permanganate 
was added to the water imdergoing treatment. All the glassware was most 
carefully cleaned, being finally repeatedly rinsed with distilled water. Flasks. 
A to E were plugged with cotton wool ; flask F was tmplugged and was 
covered with an inverted beaker. 

Flask A was inoculated with a dilution in distilled water of a repeatedly 
washed suspension of bact. E prepared from an agar slope. -After four 
days’ incubation of flask A approximately 0-25 c.c. of its contents was 
transferred with a capillar^' pipette to flask B. After a further four days’ 
incubation flask C was similarly inoculated from flask B. This serial flask- 
to-flask transfer was continued, inoculation being done in each case on the 
fourth day. 

The recorded counts in the flaslrs on the fourth day were as 
follows : — 

A . . ... . 520,000 

B . . . . . 740,000 

C 680,000 

D 600,000 

E 480,000 

F 600,000 

Having thus eliminated the talc, the water, the inoculum and 
the cotton wool plug as sources of nitrogen and carbon, we are 
forced to the conclusion that the only source remaining is the 
atmosphere. 

Experiments icitli different atmospheres 

!Many experiments were performed to investigate the effect of different 
atmospheres on the growth of bact. E in distilled water containing talc. 
The apparatus chiefly used was a thick-walled Pjuex flask fitted with a 
two-holed rubber stopper. Through one hole passed a straight glass tube 
and througli the other a glass tube bent at a right angle. Both terminated 
in rubber tubes fitted with clips. 

The necessarj' amoimts of distilled water and talc were put into the flask 
and the stopper fitted. The water was boiled for five minutes, the steam 
being allowed to escape finst through one tube and then through the other. 
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WJiilo fetpom utw \jgoroiiHl 3 emerging, both chj)^ ven closed and tlio sourco 
of Jicat r(.mo\cd On cooling, the steam msido tho fla«lv condensed ami a 
vacuum was ennted ith stout PjTe\ flasks tho breakages \\pro not 
considerable lien the tompemturo of the -water had fallen almost to that 
of the nir, a boiltd thistle funnel was connected to tho rubber tube at tho end 
of tho straight glass tube IJie uioculum, diluted witJi froshlj boiled and 
cooled distilled water, was introduced mto tlie thistlo funnel and, bv cautiously 
opening the clip, it was forced into the floak This was followed b^ 2 3 c o 
of boiled and cooled distilled water which washed any inoculum remaining 
in the tube mto the flask Buring these operations great caro was taken to 
prc\t.nt tho ontr\ of air into tho flask with tho moculimi or the washing 
water When tlie contents of tlio flask had attained room tcraperaturL, air, 
eithej untreated or treated, or other gases were admitted into tho flask 
through tho bent tube The flask was then incubated and, after the selected 
Xariod of cuUurt, tlie stopper was remo\cd nn<l a samplo taken for counting 
In this method it was possible to count the number of bacteria present m a 
fliisk after incubation onl\ once Tlie number of bacteria m tho inoculum 
was ascertaimd b} setting up a similar flask containing the snmo quantitj of 
water and inoculum and sampling this 

Thirteen eviienments wcie done with distilled water and talc 
inoculated w itli bact E and incubated in air enclosed m the flask 

Tiio sealed flasks used for these expornnents (nominally 500 c c ) 
had an actual capacity of about 050 c c Tlio volume of distilled 
watei and inoculum was approximately 250 cc and tho aolume 
of air enclosed was tlicrofore about 300 cc In fi^o oxponments 
growth occuri'ed , m eight it did not In no case did bact E fail 
to glow m distilled water plus talc when air was fieoly admitted 
In these thirteen experunonts, m which the amount of air available 
was limited, growth failed to occur eight times 

Exporimont 9 Tlio same amounts of distilled water (200 c c ), 
talc (0 25 g ) and inoculum (1 c c ) were introduced into two sealed 
flasks, one of 550, the other of 1050 c c The air available was m 
each case enclosed, and amoimted m the first flask to 300 c c and 
in the second to SOO Counts were made after tliree dajs* incuba- 
tion Grow th occurred in the flask containing 800 c c of air, not 
in the other. 

Experiment 10 Five scaled flasks, each of 550 c c capacity, 
contained varying amounts of distilled water, talc and moculum, 
but the proportionate amount of talc and inoculum to distilled 
water was constant (0 1 g of talc per 100 c c and 310 bact E 
per cc ) Counts were made after three days’ incubation Where 
tiie volume of fluid was 100 c c and the volume of air therefore 
450 c c , growiili occurred Wliere, as a result of increasing the 
x'olume of fluid, the x^olume of air was less (350, 250, 150 and 50 c c ), 
growth did not occur 

Experiment 11 For this and some subsequent experiments, 
tho amount of enclosed air available was increased by connecting 
the bent tube of the flask to the corresponding tube of a similarly 
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fitted empty flask. In. the single flask experiment, the volume of air 
available vas 300 c.c. ; in those with linked flasks, the volume. 
avaUahle was 850 c.c. Flasks were opened for counting after 
various periods of incubation (table IV). 

Tjvble IV 


The effect of -the volume of air available on the growth of bad. E in 
distilled water and laic 


FlaEk no. 

Typo of flask 

Bacteria per c.c. 
inoculated 

Bacteria per c.c. .lOer incubation for (das’s). 

2 

i 

' 

C 

1 

Single 

210 

15 

... 


2 


210 


13 

... 

3 


210 



0 

4 

Linked 

210 



... 

,'■> 


210 

... 

130,000 


G 

>» 

210 

... 


.'jOO.OOO 


Tlu'ee hundred c.c. of air did not provide sufficient essential 
materials but, in two cases out of three. 850 c.c. did. 

For the next nine experiments, single flasks were used but air 
was admitted'to them at a pressure less than that of the atmosphere, 
A pressure of two inches of mercury below that of the atmosphere 
was used on three occasions ; on only one did growth occur. On no 
occasion did grovflh occur when the pressure was four or six inches 
of mercury below that of the atmosphere. 

In these experiments the oxygen of the enclosed air was ample 
for even the most exacting aerobe. The nitrogen, if it ivas utilised, ' 
would have been amply sufficient. The results of the experiments 
suggest that some of the minor constituents of the air are required 
for the growth of bact. E in distilled water phis talc. When the 
amount of air is unlimited, sufficient of these constituents are 
always available to permit grov-th. Reduction of the amount of 
air below a minimum, which varies from day to day, prevents 
growth by reducing below the minimum the available amount of 
these minor constituents, the proportion of which in the atmosphere 
also varies from day to day. 

Similar experiments were carried out using single flasks, linlced 
flasks and jars incubated in vacuo and in the presence of oxygen, 
nitrogen and hydrogen. In no ease did growth occur. 

The experiments recorded appear to show that bact. E grows 
in distilled water and talc only when the atmosphere consists of 
air and when the amount of air available is considerable. The 
suggestion has already been made that neither the oxygen nor the 
nitrogen of the air acts as a nutrient and that the requisite food 
factors are some of the gases present in small amounts in tlie air. 
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TJie most probable of tliese are carbon dioxide and aiumoma To 
investigate tins li^potliesis, an -was aspirated through a tram of 
tA\o soda lime to\\ers, four ^\ash bottles containing 20 per cent 
ICaOH and four containing 20 per cent HJ.SO 4 It nas collected 
and stoied o\cr \\ater containing a small amount of NaOH 

Air so tieated •was used as the atmosphere 111 si\ experiments 
in single flasks and four in jars of 2000 c c capacity In no case 
did growth occur Sucli a result might be due to the addition to 
the air of niliibiting substances^ but it is believed that this possibility 
w as ruled out by the method used 

The reagents employed absorb from an botli carbon dioxide 
and ammonia They may also absorb other gases jnesent m small 
amount in the air and so we are not entitled to say more than that 
bact E does not grow in distilled water 71 / 1/5 talc in the pie^jenco of 
air treated w itli reagents w lucli absorb carbon dioxide and ammonia 
Complete proof of the role of these two gases would be tlie 
finding that growth occurred when tJiey were added m suitable 
amount to an deprned of them bj tlie treatment described Such 
an experiment lias been tried, but so far unsuccessfully It is 
possible that these two gases are alone insufficient and that, wJiile 
they supply the carbon and nitrogen required by the bacteria for 
their growth, the stimulus provided by some of tlie ofJier inmor 
constituents of the air, such as sulphur dioxide or hydrogen 
sulphide, IS also requiied before the bacteria can commence to 
multiply 

GroiUh in distilled uater plus ammonium carbonate 
uilhout talc 

Carbon dioxide and ammonia combine witli water to foim 
ammonium carbonate This suggested the possibility of the 
bacteria utilising tins salt as nutrient material Early experiments 
with ammonium carbonate m distilled water in concentrations 
langing from 1 per cent to i per thousand gave negatne lesults 
Wlien lower concentrations were used, however, growth occuned 
For these experiments a 1 per cent, solution of ammonium 
carbonate in distilled water was sealed in a glass tube and Iieated 
for half an-hour at lOO^’C When cold the solution was diluted 
watli cold boiled distilled water and the requisite amounts of the 
dilution were added to a senes of flasks of cold boiled distilled 
water to give tlie concentrations used in the experiment Tlie flasks 
were inoculated witli bact E and incubated in air 

Seven experiments, each testing from three to se\on diffeient 
concentrations of aninioin'iini carbonate, were put up In six of 
these, at least one of the concent^tions tested was found to give 
growth Tlie highest concentration m winch growth occurred was 
1 33x10® and the lowest 1 lOOylO® Growth occurred on three 
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occasions in a concentration of 1 : 50x 10®. ' In view of the narrow 
range of concentrations favourable to grovi;!!, it is not smprising 
that growth of coliform bacilli in solutions of ammonium carbonate 
has not, so far as we are aware, been hitherto recorded. 

The groArth of bact. E in solutions of ammonium carbonate in 
distilled water supports the hj^othesis AA'hich we advance that the 
growth of tliis bacterium in distilled water phjs talc is due to the 
absorption by the Avater-talc mixture of sufficient carbon dioxide ' 
and ammonia from the air to act as nutrithm materials. That 
the talc plays an essential part, probably by absorbing the gases, 
is shown by the fact that, in very many experiments, groAvth never 
occurred in distilled water which did not contain added substances, 
soluble or insoluble. It wiU suffice to quote one experiment. 

Experiment 12. Five flasks, each containing 250 c.c. of 
distilled Avater, AA^ere autoclaved for 15, 11, 5, 2, and 0 days before 
they AA'ere inoculated each AAuth 380 bact. E per c.c. The inoculated 
flasks AA’ere incubated and, in each case, the count after one day 
was zero. ISTo increase occurred on further incubation. 

Effect of varying the amount of talc 

In most of the work done, the amount of talc used AA-as 0-25 g. 
in 250 c.c. of distilled water. The effect of different concentrations 
of talc was investigated in an experiment in AAdiich the amount varied 
from 0-05 to 31-25 g. per 250 c.c. GroAA-th occurred in all. In a 
further experiment groAA-th occurred in the presence of 0-05 g. 
of talc but not when the amount AA-as 0-01 g. or less. 

From these experiments it may be concluded that the precise 
amount of talc present is comparatively unimportant proAoded 
that more than a minimum, which is probably between 0-01 and 
0-05 g. per 250 c.c., is present. Since, lioAA-ever, AA-ith large amounts 
the peak is reached rather slowly, the amount empirically selected 
(0-25 g.) is probabl}’' best for investigations made to determine 
whether, under different conditions, talc-AA-ater • mixtures give 
groAA’th. 

Effect of varying the total volume of fluid 

Experiment 13. For routine investigation, 500 c.c. flasks con- 
tainmg 250 c.c. of distilled water AAdth talc were employed. Growth 
can equallj' well be demonstrated with smaller amounts. For 
example, 10 c.c. of distilled water, autoclaA’-ed with 0-01 g. of talc in 
a test-tube, Avere inoculated Avith 0-5 c.c. of a 1 : 1,000,000 dilution 
of a broth culture of bact. E and incubated. The initial comit 
was 80 per c.c. On the fourth day the 'count was 800,000 per c.c. 

Experiment 14. As a matter of convenience, in the majority 
of experiments the distilled water was boiled after the addition of 
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tlie talc That this \\as not essential i& shoun b}- an experiment in 
%\hich talc sterilised b> roasting ^^as added 'uhen cool to distilled 
%\ater ^^hlch liad been boiled and cooled and ^\as not heated after 
tlie addition of the tale The peak recorded in iiatcr in irhich 
the talc had been boiled was 840,000 pei cc , in the water 
to which talc had been added when the water was cool it was 
1,300,000 per c c 


Separation of talc and bacteria 

TJie hj^iothesis has already been nd\anced that talc acts as an 
absorbent of gases from the air and renders them available for the 
grow th of the organism This theor3 implies the necessity for the 
talc and the distilled water to be in intimate contact In a number 
of experiments distilled water containing talc was sepaiated b\ a 
membrane from distilled water containing the inoculated bacteria 
Tlie membranes used were, cellophane, parchment ^and sintered 
glass In none of tliese ex|)ernnents did growth occur 

Experiment 15 70 c c of distilled water containing 0 07 g 

of talc were introduced into the bulbs of two Buclmer tubes which 
were autoclaxed and then left standing upright overnight Next 
day, autoclaved and cooled distilled water was added to each In 
tube A care w as taken not to disturb the deposited talc , the contents 
of B were mixed Botli were inoculated with bact E and incubated 
Grow'tli occurred witli a peak of 1 000,000 per c c in B Growth 
did not occur in A 

It appears legitimate to conclude from tlie results of these 
experiments that talc con\erts distilled water into a culture medium 
in the presence of air only wlien the talc is dispersed tlirough the 
water If, as we suppose, it acts by adsorbing carbon dioxide and 
ammonia from the air, it appears piobable that the bacteria grow in 
the immediate vicinity of the talc, where the nutntive materials are 
accumulated It is necessary to add, however, that microscopic 
observation of talc which had been present in distilled water m 
which bact E had grown, did not sliow any aggregation of bacteria 
around the particles 

Several attempts were made to determine whether distilled 
water winch had been in contact with talc acted as a culture 
medium when separated from the talc When the water was 
separated by filtering through CJiamberland or sinter filters no 
gro'wtli occurred In some experiments in which separation Avas 
effected by centrifuging, growth occurred but in these cases the 
separation was incomplete To romoae talc completeh Ihree 
centrifugings A\ere found to be necessary, and A^hen this AAas done 
groAAd-h did not occur in the distilled AAater AAhich had been in 
contact AAith talc for periods varying from one hour to fiAC days 

Talc render^ distilled AAater growth supporting only Aihen it is 
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actually present. Distilleii -water -which has been in contact with 
talc in no way differs, as regards its power of supporting the groudh 
of coliform bacilli, from distilled water which has never been in 
contact with talc. 


Experhmnls with filters 

Chamberland filters, as the following experiments show, act on 
distilled water in much the same w'ay as talc. 

Experiment 16. A Chamberland filter was immersed in dis- 
tilled water and autoclaved. After cooling the water was inoculated 
■with 370 bact. E per c.c. and incubated with the filter stUl in 
j)osition. On the third day the count was 140.000 per c.c. 

Experiment 17. A new Chamberland filter was autoclaved in 
distilled water and was kept immersed in it. Another similar filter 
and a second sample of distilled water were autoclaved separately 
and when both were cold the filter was placed in the water. Both' 
waters were inoculated and incubated, the filters remaining in t|ie 
water tlrroughout the period of incubation. In both cases gro-wth 
occurred, the peaks being 2,500,000 per c.c. in the first sample and 
1,600,000 in the second. 

Tliis experiment shows that it is not necessary for the filter to 
have been heated in the water to confer on it growth-supporting 
properties. 

Experiment 18. Distilled water was autoclaved -snth a 
Chamberland filter. When cold, the filter was removed, drained 
and immersed in freshly autoclaved and cooled distilled water. 
Both waters were inoculated. Gro-^rth occurred in the water in 
which the filter was immersed but not in the water from which the 
filter had been removed. 

In this experiment water in which a filter had been autoclaved 
and from which it was removed before inoculation was not growth- 
supporting, whereas water in winch a filter was present during 
mcubation was growth-supporting. 

This exjjeriment suffered from the defect that the period of 
contact of the water vdth the filter was short. In the next, longer 
periods of contact were allowed. 

Experiment 19. Freshly roasted filters were autoclaved in 
distilled water, and, after autoclaving, were left in the water for 
various periods before removal. The waters were then inoculated 
-with bact. B and incubated. Ho gro^vth occurred in any sample. 

This experiment shows that contact of distilled water with a 
porcelain filter in the presence of air for various periods does not 
impart growth-supporting properties to the water. Growth occurs 
onl 3 ^ when the filter remains in the Avater after inoculation and 
during incubation. This finding is in agreement Avith that recorded 
for talc. 
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The effect of varying the inoculum , 

Tlie inoculum normally used was 10 e.c. of a 1 : 100,000 dilution 
of a twenty-hour broth culture of bact. E to 240 o.o. of 
distilled water containing tale. This inoculum usually gave a 
count of 200-500 bacteria per o.c. 

Experiment 20. In this experiment, the inocula were 1-0, 
0-5 and 0*1 e.c. of a 1 : 100,000 dilution of a broth cultme of bact. E, 
the standard amounts of distilled water and talc being used. The 
counts on inoculation were 50, 25 and 5 per o.o. re.speotively. 
Growth occurred in all cases and the size of the inoculum appeared 
to make very little difference to the peak counts attained on 
incubation. 

Long -period investigations 

In the majority of the experiments the only information sought 
was whether, under a particular .set of conditions, growth did or 
did not occur. Only three long period investigations of the rise 
and fall of coimfs were undertaken. In two of these the temperature 
of incubation was 37° C. and in one 22° C. In each case the flasks 
contained 250 o.o. of distilled water and 0-25 g. of tale. 

In each case the counts showed peaks and troughs similar to, 
but less marked than, those recorded in natural ivaters (Bigger, 
1937). The bacilli were still present in larger numbers than at the 
time of inoculation when the samples were e.xhausted, which 
occurred at 200 and 220 days at 37° C. and at 335 days in the 
experiment conducted at 22° C. 

Experiments with natural waters 

All the e.xperiments so far recorded were carried out with 
distilled water. Tap water (from either the Vartry or Rathmines 
supplies of DubUn) was used until the usual quantity of talc in a 
number of experiments. 

In only one case did gron-th occur, and tliis only to a small 
extent, in raw natural water containing talc. In every case growth 
occurred in autoclaved natural water containing talc, irrespective 
of whether the autoclaved water unthout talc supported growth. 
The results support the view advanced by Bigger that 
natural waters may contain both growth-supporting and groivth-, 
inhibiting substances. The inhibitory substances prevent the 
organism from utilising either the naturally occurring nutritive 
substances or the atmospheric gases rendered available by talc. 

Experiments with other bacteria 

In all the work so far recorded bact. E was the organism used. 
This has the same characteristics as a tj-pical Bact. colt except that 
it is non-motile and fails to ferment ducitol. 
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Nineteen other coliform bacilli were tested in the usual way 
and every one was found to grow in talc and distilled water. The 
lowest peak count recorded was 110,000 per c.c. (inoculum 280 
per ‘C.C.). Five of the twenty organisms had been isolated’ from 
fseces and thirteen from urine ; two were old stock cultures. Six 
of these, organisms were typical Bact. coli, two were typical 
Bact. aerogenes and the rest intermediates. From this it maybe 
concluded that the majority of coliform bacilli grow in talc and 
distilled water. 

In addition to coliform bacilli, certain other organisms were 
tested. Two strains of Bact. pneumowicB yielded peaks of 500,000 
and 300,000 per c.c. (inocula 360 and 480 per c.c. respectively). 
One strain of Bact. alcaligenes gave a peak of 680,000 per c.c. from 
an inoculum of 180 per c.c. Neither Proteus vulgaris nor Staphy- 
lococcus pyogenes grew. 

A more extensive testing of different bacterial species was not 
undertaken. Sufficient work has been done to show that the power 
of growing in distilled water phis tale is widely distributed among 
various types of Gram-negative bacilli. 


Experiments with other insoluble inorganic substances 

The next question which presented itself was whether talc was 
the only inorganic substance capable of rendering distilled water 
growth-supporting. Seventy-five insoluble or almost insoluble 
inorganic substances were tested by suspending 0-25 g. in powder 
form in 250 c.c. of distilled water. After boiling or autoclaving 
and coohng, the fluid was inoculated as usual with bact. E and 
incubated. Counts were made at intervals of one or two days until 
either a satisfactorily high level or zero had been attained. The , 
lowest peak count among the substances promoting growth was 
120,000 per c.c. from an inoculum of 320 per c.c. 

The following twenty substances in addition to talc were found 
to render water growth-supporting : — 


ASBESTOS 

BABTCrjI HYPOSULPHITE 
B.4.RrUJI SULPHIDE 
B-\ErUM SULPHITE 
CALCIUM HYPOSULPHITE 
CALCIUIiI PHOSPHATE 
CkLCrUM SULPHATE 
PEKROUS PHOSPHATE 
PERROUS SILICATE 
KAOLIX 
KIESELGUHR 


MAGXESrUM SILIC.A.TE . 

MANG.\XESB DIOXIDE 

PERarUTIT 

SILICA 

SILVER SAXD 
SOIL 

UXGLAZED PORCELAIN (CHAMBEBLAND 

pilter) 

UXGLAZED PORCEL.a.IX (POROUS POT) 
ZIRCONIUM SILICATE 
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Ifc seonis to be quite impossible to find any common factoi in 
this higbly lieterogeneous group of substances We may saj , liou - 
cvei, without fear of contradiction, fcliat a large number of insoluble 
or almost insoluble inorganic substances, when added to distilled 
w atei, render it capable of suppoiting the growth of cohform bacilli 
A certain number of organic substances lla^e been tested in a 
similai manner but it is not proposed to present tlie lesults Jiere 

Discussion 

Tins researoh commenced with an attempt to determine whether 
Harold or Bigger w as correct as legards the effect of candle filtration 
on natural and sand filtered waters It has clearly demonstrated 
that certain waters wlucli, lu the untreated state, do not permit the 
growth of cohform bacilli, aro rendered growt^h-supporting by filtra- 
tion through Chamberland filters and that tins effect is produced 
e\en when all contact with rubber is avoided Tins confirms 
Biggei’s li^pothesis that filtration removes inhibitory substances 
and so permits the growt;h of cohform bacilli winch utilise the 
nutnti\o materials present m the water 

The research de\eIoped in a way winch, when it was initiated, 
was quite unforeseen Harold’s obscr\ation that distilled water, 
by being boiled in tlie presence of rubber tubing, was rondeied 
capable of supporting the grow'th of cohform bacilli was confirmed 
and it was proved that tlus was due to the piesence in the water 
of talc, ifsed as a surface dressing for the rubbei Later it was 
showm that this power was not pccuhar to talc but was shared 
h} twenty other insoluble inorganic substances, some naturally 
occurring and otliers pure chemical compounds 

The twenty coliform bacilli examined, including t;^pical Bacf 
coil, typical Bad aerogenes and various intermediates, grew in 
distilled water plus talc 

The experiments recorded proved tliat nutrient niaternl was 
neithei present as an impurity in the distilled water or talc, nor 
introduced witli the inoculum or from the cotton w ool plugs That 
carbon and nitrogen, elements essential for the growth of the 
bacteria, must have been derived from the air is established by the 
exclusion of other sources and the absence of grow^th in tacuo and 
in other gases The hypothesis is advanced that the sources of the 
essential elements are the carbon dioxide and ammonia of the 
atmosphere This hypothesis is supported by the experiments 
which showed that not merely air, but an in large amount, is 
necessary for the growiih of cohform bacilli in distilled water talc 
preparations, that growth does not occur in air deprived of carbon 
dioxide and ammoma and that growth does occur in distilled water 
contaimng ammonium carbonate in high dilution but no talc It is 
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not claimed that complete proof of the hypothesis has been presented, 
as experiments designed for this purpose have not yet been successful. 
Despite this, there is a strong presumption that the hypothesis is true. 
The hypothesis does not exclude the possibility that other minor 
gaseous constituents of the atmosphere may also be required. 

The role of the talc is obscure. That it or one of the other 
insoluble substances plays an essential part is shown bj^ the in- 
variable grovdh of coliform bacilli in distilled water plus talc in 
the presence of unlimited air and their invariable failure to growjn 
distilled water without talc. Talc does not impart growth-supporting 
properties to distilled water with wliich it has been in contact and 
from wliich it has been separated ; it acts only when present in the 
water inoculated with the bacteria. We probably cannot do better 
than assume that talc acts as a catalyst, rendering the carbon 
dioxide and ammonia of the air (if indeed, as we believe, these are 
the essential food materials) available for the growth of the bacteria. 
In the phenomena here described the insoluble substances appear 
to play a more important part than do these or other insoluble 
substances when they act as adjuvanis to the growth of Cl. tetani 
in injured tissues or Mycobacterium tuberculosis in the siUcotic lung. 

The coliform bacilli have long been regarded as facultatively 
pathogenic saprophytes. Our findings that they can grow in 
distilled water containing insoluble inorganic substances, including 
soil, and can utilise as food such simple 'chemical substance as 
ammonium carbonate, entitle them to be considered also as 
facultatively autotrophic. The correctness of tins classification is 
confirmed by their growth in Winogradsky’s medium, the commonly 
accepted criterion by which an organism is judged to be an autotroph. 

Presuming the correctness of our hypothesis, it is of interest to 
consider how the organisms growing in distilled water-talc prepara- 
tions obtain the energy necessary for their metabolism. Normally 
coliform bacilli obtain energy by the oxidation of carbon-containing 
substances. Carbon dioxide is. not further oxidisable and in our 
experiments light was excluded, so energy could not have been 
' obtained from either of these soimces. TJiere remains the nitrogen- 
containing substance, and it appears probable that it is by the 
oxidation of ammonia that the bacilli obtain the energy which they 
require for their metabolism. 

It may well be asked if the phenomenon of growdh of coliform 
bacilli in water containing an insoluble inorganic substance is of 
more than theoretical interest. Does tliis type of growth occur under 
natural conditions and, if so, is it likely to render unreliable the 
commonly used methods of assessing the hygienic quality of water ? 
So far as our experiments have gone, they tend to give a negative 
answer to the first of these questions. When we substitute natm’al 
for distilled water in a water-talc preparation, we introduce 
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inliibitoiy substances These aio usuallj cijnblo of p^e^ entmg tlie 
grow til of cobform bacilli « hethcr tlio food material is that produced 
by the action of tale on atinosplieiic gases or that present in the 
majority of natural uaters Under certain conditions, lioiieiei, the 
inhibitoiy substances inaj be piesent in insufficient amount and then 
groMth may result from the presence of eithei tjpe of nutrient or a 
combination of both Among the conditions favoiu-ing the destruc- 
tion of inhibitori substances heat is the most important and ue 
beliere that, m uater subjected to a teiiijieratiire lihelj to bo 
encountered in tiopieal countiies, groutb of colifoiiii bacilli might 
ocelli to an e\teiit sufficient to nnalidate conclusions based on 
bacteriological evammatioii It is intriguing to find sand and 
permutit, uhicli are used fot the purification and softening of uater, 
among the substances imparting to uatei giowtli supporting 
properties but it is doubtful if, in actual use either of these uoiild 
lead to a multiplication of eoliform bacilli 

Sn.UMiKi 

1 We confirm Biggei’s conclusion tint filtration of iiatnial 
uateis uliioli in tlioir untreated state, are not capable of supporting 
the grouth of cohforin bacilli may rondei them gioutb supporting 
Coutaet uith rubber is not required to effect tins cliango 

2 IVe confirm Harold’s finding that distilled uater maj bo, 
rendeied grouth supporting by contact uith rubber tubing 

3 The substance responsible for tins effect is tale, used ns a 
surface dressing for rubbei 

4 A cobform bacillus, bact E, never failed to giou in plugged 
flasks contaimng distilled uater and talc (0 25 g per 250 c c ) 

5 Although the addition of talc to distilled uater comerts it 
into a cnltiue medium, the talc does not itself supply the necessary 
nutntive materials 

C Groivth in distilled uater-talo preparations is not due to 
impurities in the tale or distilled uater or to organic matenat 
introduced uath the inoculum or cotton wool plugs 

7 Groirth does not occur in distilled water talc preparations 
in lacuo, nor m oxygen, hydrogen or mtrogen 

8 The necessary mitntrve materials are dented from the 
atmosphere 

9 Growth does not occur when the amount of air aradable is 
restricted or when the aiC has been treated until soda bme, sodium 
iij drate and sulpbiirio cacid 

10 Hie nutritive materials are some of the minor gaseous 
constituents of the atmosphere The hypothesis is advanced that 
these are carbon dioxide and ammonia, although it is possible that 
other gases may also be necessary 
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11. Baet. E gro%ys in solutions of ammonium carbonate in 
distilled water, provided tlie concentration of the salt is suitable. 

12. Coliform bacilli are facultatively autotropliic. 

13. To render distilled water gro%Tth-supporting, talc .must be 
present in and, to some extent, dispersed through the water. 
Distilled water which had been in contact with talc and had been 
completely separated from it was not growth-supporting. 

14. In distilled water-talc preparations, alternation of liigh and 
low counts of coliform baciUi occurs. The organisms survive for 
long periods — 220 days at 37° C. and 335 days at 22° C. 

15. The addition of talc to tap water' which had been heated 
invariably made it gro^vth-suppo^ting, even when the heated water 
without talc was not, but the addition of talc to raw tap water did 
not make it growth-supporting. Tliis is believed to be due to the 
presence in tap water of heat-labile inhibitory substances. 

16. Each of twenty coliform baeiOi tested grew in distilled 
water-talc preparations. These included typical Bact. colt, typical 
Bact. aerogenes and various intermediates. Bact. pnetmonice and 
Bact. alcaligenes also grew in these preparations. 

17. Twenty other insoluble inorganic substances out of 75 tested 
acted like talc in rendering distilled water growth-supporting. 

We express our thanlrs to the Department of Education and the Medical 
Eesearch Council of Ireland for the grants made to the jimior author. We 
are most grateful to Dr B. A. O’Meara, Professor E. J. Conway and Captain 
Kamsden for their assistance and advice. Without the willing help of the 
staff of the School of Pathology tlie work recorded here could not have been 
accomplished. 
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JIALIGNANT HYPERTENSION ASSOCIATED WITH 
HYDATID DISEASE OF THE KIDNEY 

J. Davsok 

iVoiM t/ic Depctrtnicnl 0 / Patholpgy^ Victoria University oj Manchester 
(Plate X^^) 

In about 2 per cent, of cases of Ii5'datid disease in man cysts occur 
in the Icidney (Dew, I92S ; Grindla3’' and Walters, 1940). TJie 
condition is therefore rare, but tlie present case is reported because 
malignant hypertension was also present and it seemed probable 
that the mechanism of its production was similar to that by which 
» h^’pertension has been produced experimentally by Wilson and 
Pickering (1937-38), Goldblatt (1938) and Wilson and Byrom (1939), 
i,e. by constriction of one or both renal arteries. 

Since the publication of Goldblatt’s important e.xperiments, a 
considerable number of cases have been reported of hypoi tension 
associated •with renal disease in wliicli the blood supply of one or 
both kidneys had suffered restriction and in which the suggestion 
•was made that a mechanism analogous to that of the experimental 
technique liad operated in the production of the hj^ertension. 
The bulk of these cases have been recentl^’^ ^e^^ewed by Patch et ah 
(1940), Palmer et al. (1940), Perry and Taylor (1940) and McCann 
(1941), Furthermore, quite large series of cases of non-nephritio 
renal disease have been the subject of statistical enquiry to determine 
whether or not there is a significant correlation between these 
diseases and hypertension. A definite correlation was claimed by 
Maher and Wosika (1939), Cohn et al. (1939), Wei&s and Parker 
(1939) and Palmer et al. (1940), while Morlock and Horton (1936), 
Crabtree (1940), Pearman el al. (1940) and Braasch et al. (1940) 
found little evidence in favour of an setiological relationship. 

The present case provides a further instance in wliicli the 
operation of the Goldblatt mechanism of the production of hyper- 
tension may be postulated in the human subject. 

Case history 

A young married woman, aged 25, was admitted into tlie Manchester 
Royal Infinnaiy under Dr Bramwell, 24.8.40, complaining of lieadache, 
vomiting, cough, weakness and lassitude of about two years’ duration. Her 
207 
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symptoms started with rwigminc-liko attacks two or three times a %veek after 
w'nking in tho morning. Tire licadache was itsiially rmiiateral and the 
attacks, which wore often relieved bj' \mmiting, were associated witlr great 
lassitude. Ten months before admission she miscarried at three months, 
and for some montlis before admission .slic suffered .from night sweats. Her 
blood pressure was fir.st taken about 3 -weeks before admission and %vas then 
220 mm. Hg sy.stoIic, the diastolic pressure not having been recorded. 
Swelling of the feet and ankles had been noticed after standing. 

On admission tho heart was found to bo enlarged, tho apex beat being 
]3alpnblo external to the mid -clavicular line. Her blood pressure^ was now 
200/100 mm. Hg. No masses were palpable in the abdomen. There was 
cedema of the sacral region. Tire di-scs were pale. Tile urine contained 2 mg. 
of protein per litre (Esbach). The blood urea was 196 mg. per 100 c.c. She 
died ten days after admission with a blood urea of 378 mg. TJie clinical 
diagnosis was chronic ne]>hritis. ^ 

Posi-morlein findings 

Lungs showed intense cedema and congestion. Heart (450 g.) 
was enlarged and exhibited typical “ concentric ” hypertrophy of the 
left ventricle. There were no valvular lesions. Liver shotved patchy- 
fatty change. Spleen, brick -red in colour, was fairly soft. 

Eight kidney. The lower pole was occupied by a cystic swelling 
measuring 6x5 cm. On section tliis contained Avhite caseous 
material intermingled with flat masses of soft greenish semi- 
translucent material. The cystic mass appeared separate from 
the pelvis and was enclosed by a fibrous capsule. The residual 
renal substance measured 8 mm. at its thickest part and about 
3 mm. where it had been most encroached upon by the cyst. The 
pelvis and calyces were considerably dilated, but there Avas no 
obvious communication Avith the cyst cavity. After preliminary 
fixation it became evident that the flat translucent masses had 
formed a lining to the cyst and direct microscopical examination 
of the contents shoAved the presence of numbers of necrotic scolices 
and very many booklets, indicating the diagnosis of hydatid 
disease. In addition there AA'-as considerable polymorphonuclear 
cell infiltration. 

Left kidney. This Avas someAA^hat enlarged, Aveighing 200 g. 
The capsule stripped easily, exposing a finely granular surface 
mottled purplish yelloAA% On section the cortex Avas mottled dark 
red and pink and the pattern AA'as rather indistinct. Demarcation 
from the medulla Avas clear. There was no abnormality in eitlier 
pelvis or ureter. 

Histological examination 

Right kidney. The appearances Avere similar to those seen in a 
long-standing hydronephrosis Avluch had produced compression of 
the renal substance. Very many of the glomeruli Avere completely 
fibrotic and there Avas irregular fibrosis throughout the parenchynin. 
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Fio 1 — Loft kidnov, shoeing fibrotrc branch Tio J — Right kidney Affbrent ortenolo 

of renal artery adjacent to wall of hydatid exhibiting necrotismg nrtontis glomerulus 

cyst \\eigort’8 olnstm stain and \an showing focal necrosis H andE X 80 

Gieson x 30 



Fio 3 — Right kidnoy Glomenilus and Fig 4 — Right kidney Glomerulus showing 
afferent ertoriolo show mg tyTueal fibrinoid hy alino changes m tuft H and E y 200 
necrosis Mallory ’s stam X 200 
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TJio cyst Mas enclosed wjtinn a capsule of dense fibrous tissue, 
tlie of tlie cyst itself A\as composed of hyaline clutmous 
substance, with many related necrotic scolices In the renal 
substance close to tlie c^st wall could be seen several fairly large 
brandies of the renal artery showing fibrosis of the media and 
partial or complete fibrous obhtenation of the lumen (fig I) 
Smaller branches of the lenal artery within the sur\uvmg renal 
parenchyma sliowcd \ariablc degrees of mtimal fibrosis There 
were no signs of necrotismg artentis nor of focal glomerular necrosis 

Lejl lidney There appeared to be little diminution in the 
number of glomeruli, but few of them were noimal The outstanding 
glomenihr lesion was focal necrosis (figs 2 and 3), which affected 
about a quarter of tlie whole numbei In addition many showed 
variable degrees of hyahnisation (fig 4) and a few were completely 
fibrosed A number of glomeruli exhibited capsulitis and some 
were the seat of luemorrhagic infarction The tubules generally 
sliowed degeneration , groups of convoluted tubules were crammed 
v\itli red blood corpuscles and many others contained liyahne casts 
Of the vessels, t!io afferent artenoles showed necrotismg aitentis , 
often the whole tJuckness of the artenolo exhibited fibrinoid necrosis 
gmng the characteristic fuchsmophilo staining with Mallory’s stam 
(fig 3) Other afferent arterioles showed degrees of mtimal fibrosis 
up to complete obliteration of the lumen Many of the intralobular 
arteries showed consider<able mtimal fibrosis (endarteritis fibrosa) 
The larger branches of the renal artery within the substance of 
the kidney showed no patfiologicai change, contrasting with the 
larger branches of the nght renal artery adjacent to the cyst v\all, 
v\hicli showed considerable fibrotic stenosis There was a diffuse, 
slight to moderate increase m fibrous tissue throughout botli cortex 
and medulla, most evident m the neighbourhood of the few com 
pletely fibrosed glomeruli 

Summary of renal lesions 

Right kidney Suppuration within a hydatid cyst Dilatation 
of renal pelvis v\itli gross compression of lenal substance Partial 
obliteration of moderately large brandies of the renal artery 
Fibrosis of parenchyma Absence of typical histological lesions of 
malignant hypertension 

Left kidney Characteristic histological picture of malignant 
hypertension (ICinimelstiel and Wilson, 1930 , Ellis, 1938 , Wilson 
and Byrom, 1939) 

Discussion 

The first question to he decided in tins case is whether the 
malignant hyqiertension developed as the result of the piesence of 
the hy^datid cyst or vihether it was merely tlie terminal phase of a 
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pre-existing clu-onic nephritis. The clinical Instory indicates that 
symptoms had been present for at least two years. If a pre-existing 
chronic nephritis had been responsible for these symi^toms a greater 
number of completely fibrosed glomeruli and a considerable degree 
of disorganisation of the renal architecture would ha\"e been found 
in the left Iddney. On histological grounds therefore it is possible to 
exclude a pre-existing chronic nepirritis as the setiological agent in 
the production of the malignant hypertension. The presence of the 
many fibrotic glomeruli in the right kidney is expficable as the 
result of compression by the cyst of the blood vessels of the kidney 
or as secondary to the hydronephrosis. 

Malignant hypertension is rare in yoimg adults and, pre-existing 
clironic nephritis having been eliminated, it is legitimate to regard 
the presence of the hydatid cyst as the retiological factor in this 
case. Such cysts grow slowly, usually over many years (Dew, 
1928), and it may reasonably be inferred that the cyst was of a 
size to interfere in some measure \vith the renal circulation for a 
considerable period before the onset of symptoms. The fact, too, 
that typical lesions of malignant hypertension were not seen in the 
right Iddney at least indicates that the constriction of its vessels 
occurred before the development of the hypertension. Chronologi- 
cally, therefore, there is no objection to regarding the presence of 
the hydatid cyst as the etiological factor. 

The site, encroaching on the pelvis as well as on the parenchyma 
of the kidney, was such as to make it fairly certain that the C 5 ’'st 
had brought about some degree of compression of the main renal 
vessels, and histologically it is evident that some of the larger 
branches within the renal substance adjacent to the cyst wall 
showed advanced fibrotic diminution of the lumen. 

It has been shown experimentally (Wilson and Pickering, 1937- 
88 ; Goldblatt, 1938 ; Wilson and Byrom, 1939) that constriction 
of one renal artery %vill produce persistent hypertension with 
development of the characteristic lesions in the opposite kidney 
but not in the constricted organ. Tlris case appears to furnish a 
close analogy with these experimental findings. A unilateral 
constricting factor, the hydatid cj'st, is first present, and subse- 
quently the typical lesions of malignant hypertension develop in the 
contralateral kidney but not in the constricted organ. Why the 
presence of a hydatid cyst in this case should lead do constriction 
producing hypertension and not in other cases may well depend on 
accidental factors such as site, rate of growth, etc. Tluee recent 
reports of hydatid disease of the kidney (Fisher, 1940 ; Barrett, 
1940; Grindlay and Walters. 1940) make no mention of the occur- 
rence of malignant hjqiertension. In Fisher’s case the blood pressure 
is not even referred to, in Barrett’s case the blood pressure was not 
raised, but in Grindlaj’^’s case the pressure was 150/100 mm. Hg. 
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However, as the patient’s age was 50 years, no deductions can bo 
clrami. In all three cases operative removal was successful, so 
that there were no histological data concerning the state of the 
contralateral kidn6y. 

As aheady mentioned, attempts to sliow b}' statistical methods 
that a causal relationship exists between non-nephritic renal disease 
and hj^iertension have produced conflicting results. However, the 
studies by Oi)penheimer et al. (1939) of 105 cases of unilateral renal 
disease tend to explain why liyportensiou does not necessarily follow 
in these cases. Ho found a statistical correlation of unilateral renal 
disease witli h3’pertension only in those cases in wliich a unilateral 
narrowing of the renal arteries was present. His conclusions fall 
into line with the results obtained experimentally and help to explain 
the conflicting results obtained by statistical anal^'sis when no 
accomit is taken of the exact anatomical conditions in each individual 
case. Again, careful anatomical investigations b}' Blackman (1939) 
showed that in 50 cases of essential hypertension coining to autopsy 
there was much narrowing of the lumen of one or both main renal 
arteries in 27 cases, and moderate narrouing in 10. This permitted 
him to infer that tiio Goldb/att mechanism had operated in the 
production of hypertension. Similarly Saphir and Ballinger (1940) 
described two patients witli malignant hj'pertension secondary to 
luiilateral vascular stenosis with con.sequont renal iscJiromia. 

Thus it may be expected that individual cases sucli as the one 
here described will continue to be reported as evincing evidence of 
the operation of the Goldblatt mechanism in the Imman subject, 
while mass investigations designed to show a statistical correlation 
between unilateral renal disease and lijT^crtension uill continue to 
3deld equivocal results unless each case is investigated anatomically 
to determine the presence or absence of narrowing of the renal 
arteries. 

r 

Simmary 

1. A case of h3"datid disease involving the left Iddney is 
described. 

2. In tile right Iddne}" the histological changes characteristic of 
malignant h3T)ertension were present, but tliese were not present 
in the left kidney. 

3. It is suggested that the case provides an example of the 
operation in the human subject of the Goldblatt mechanism of the 
production of h3'p6rtension. 

I whli to thaiik Dr Criglitoii Bramwell for permi^^on to publ/<»h tJii? 
anti for kind assistance with clinical aspects. Professor S. L. Baker for helpful 
criticism and Mr H. C. Taylor for the photographs. 
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THE EFFECT OF PRONTOSIL THERAPY ON THE 
ANTISTREPTOLYSIN 0 TITRE IN RABBITS 
DURING DBIDNISATION 

C A GREE^ 

/"roHi tht lioijal Nnud Medical School 

The mode of action of pionto^il and allied drugs has been the 
subject of intensive research, but there are few records of the effect 
of such tlierajiy on antibody response, ujion winch the ultimate 
success of the treatment partly depends Although much remains 
obscure, the general conclusion has now been reached that drugs 
of this group act mamlj^ by producing bactenostasis tliereby 
permitting the natural defences to come mto full operation With- 
out adequate experimental evidence, the suggestion lias frequently 
been made that actual stimulation of these defences b\ the drugs 
or tUoir denvati\ es may also bo a factor 

In lucmoljtic streptococcal infection Colebrooh et al (J936) demonstrated 
that, although the addition of prontosil itself to the blood was without elfect 
cut bactericidal action^ after admintstration of this drug to animaU and men, 
the bactericidal power of tlio blood for small numbers of organisms was 
increased Tins action was considered to be due to tlie reduction of the 
inactive prontosil to p ammobenzenesulphonamide, whicli Ind fcoblo 
bactericidal powers Tliese findings ha\e been confirmed but the po-jsi- 
bilitj of some additional mechanism has been suggested to evplam the 
apparently good therapeutic effect of the clnig-i ETplonng tlio po«:sibihtj 
of specific tissue stimulation by prontO'sil, Gay and Clark (1937) could find no 
evidence, in experimental streptococcal infection m rabbits that the cell 
reaction which finally accounted for the disposal of the organisms was other 
than local, and concluded that the spread of mfection was proiented by 
bactenostasis Le\aditi and Vaisinan (1935) recorded in Mtro inhibition of 
streptococcal hemolysin by prontosil I (4 snlphomido 2 4 diamino nzobenzol) 
and concluded that certain sulphonamide compounds exerted an antitoxic 
action Osgood (1938) also suggested that the drugs of this group inactivated 
hamiolysm and perliaps other toxic products Gross et al (1938) found that 
prontosil II produced more marked inhibition of streptococcal li'cmolj-sm 
tn vitro than did sulphonamide, which had only a shght reaction Tliey 
also observ ed that the administration of sulphonamide m vtio and its addition 
to scrum did not enhance the inliibitorj effect of rabbit serum on streptococcal 
h'emolysm On the other linnd, Huntmgton (1938) concluded that tho 
slight delay of h®mobsm production caused bj sulphonamide m broth 
cultures was postsibly due to modification of the growth curie Sulph- 
nnilamide was witliout effect upon tho formation of erj^hrogenic toxin 
jouBK or PATH — ror uii 213 p 2 



214 


G. A. GBEEN 


in vitro and was unable to inactivate small amoiuits of the toxin when 
used in a concentration equal to or greater than that induced in bodj' fluids 
therapeutically. 

In this paper observations on the effect of prontosil -therapy on 
the antistreptolysin 0 response of rabbits are recorded. This anti- 
body can be accurately titrated and its production as part of the 
natural response to hsemolytic streptococcal infection has been 
fuUy demonstrated by Todd (1932a). 

aiETHODS 

Source of streptolysin 0. The method described by Todd (19326) for the 
production of streptolysin 0 was followed, the strain of hsemolytic strepto- 
coccus used being “ Richards ” (Lancefield group A. Griffith type 3). The 
same batch of streptolysin was used throughout, the titre being 8-4 imits 
per c.c. 

Antistreptolysin 0 [A.S.O.) titration. The method described by Cobiu-n 
and Pauli (1935) was used. 

Prontosil therapy. The drug used was prontosil II,' the disodium salt 
of 4-sulphamidophenyl-2-azo-7-acetyl-amino-l-hydroxynaphthalene-3-6-di- 
sulphonic acid. Each injection of 2 c.c. of a 5 per cent, solution was given' 
on the left side, half of it subcutaneously, half intramuscularly. 

Implantation of ayar foci. Ten c.c. of an 18-hoiu- broth culture was 
centrifuged and the deposited organisms were suspended in 4 c.c. of melted- 
agar at 40° C. Two c.c. of the suspension were immediately injected sub- 
cutaneously into the rigid side. The doughy mass of the inoculum persisted 
for several days and the site later became indurated. The regional glands 
were distinctly palpable for varying periods, but no fluctuation was detected 
and the overlying skin was not involved. 

Results 

The effect of prontosil therapy on the antistreptolysin response 
to injections of streptolysin 0 

Two rabbits (12 and 13), weighing 3010 and 3420 g. respectively, 
were each given the same preliminary course of intravenous 
injections of streptolysin 0 as shown in fig. 1, venous blood being 
withdravm for antistreptolysin 0 (A.S.O.) titration immediately 
before each injection. At the begiimmg of the experiment, the 
titres of both animals were below 1 unit per c.c. The titre of rabbit 
12 had risen to 200 units on the 15th day whereas that of no. 13 
was still less than 1. By the 22nd day, rabbit 13 had also responded, 
the titre being 125 units. The subsequent titre curves were almost ' 
identical in shape, but that of rabbit 12 was on a higher level 
throughout the course of injections. Peculiar similarities in the 
curves were noted. Thus a fall in titre after the 4th injection, 
given on the 22nd day, occurred in both animals. In both animals 
the titre reached its maximum level towards the end of the course 
but a sharp depression followed the seventh and eighth injections 
in rabbit 12, and the eighth injection in no. 13. After the initial 
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drop on cessation of tlie injections, the titro gradiiallj fell Babbit 12 
reached a basal litre of 16 units on the 125th day -Hhile that of 
no 13 fluctuated betueen 6 and 10 from the 109th day 

As compared r\ith rabbit 13, the response in no 12 uas more 
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Kiq j — To show the effect of prontosil therapy on tho antistreptolysin 0 response 
of rabbits following the injection of streptolj sin 0 


rapid and was mamtamed at a higher level, but it reached a steady- 
resting litre in apiiroMinately the same time 

Wiien the titre had remained steady for some three ireehs, tlie 
effect of prontosil therapy on the response to a second senes of 
streptolysin injections was tested Only tiiree injections vere 
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given and they were the same as the first three of the first course, 
i's it seemed probable that any failure in response would be most 
manifest in the animal which had shown the greater primary 
reaction, rabbit 12 was used for the test and no. 13 retained as the 
control. Rabbit 12 was given 2 c.c. of a 5 per cent, solution of 
prontosil II daily from the 137th to the 158th day — 44 'c.c. in 

22 daj's. Rabbit 13 received no prontosil. The A.S.O. titrations 
were performed at shorter intervals in order to detect the earhest 
effect. In both animals the titre rose on the 6th day after the 
second series of injections was begun. The titre curves were 
similar save that rabbit 12 Avas again at a liigher level and reached 
a definite peak of 250 units, AA'hereas the curve of no. 13 was 
flattened at the maximum level of 100 units (fig. 1). 

There was no indication, therefore, that the antistreptolysin 
response Avas affected by the administration of prontosil. Nor 
AA'as there any evidence of the in-Arivo production, under prontosil 
therapy alone, of any substance capable of neutralising streptolysin 
0. for the titre of rabbit 12 showed a shght decrease rather than an 
increase after 48 hours’ therapy (139th day). 

The fact that in both animals the A.S.O. titre Avas below 1 unit 
at the commencement of the experiment indicated that streptolysin 
0 Avas a completely neAv antigen to these animals. This was con- 
firmed bj’’ the long latent period of 9 days or more before the 
primary response was obtained. The latent period preceding the 
rise in titre in the second part of the experiment AA-as shortened to 
4-6 daj^s, this reduction being characteristic of a secondary response. 

The effect of prontosil therapy on the antistreptolysin 0 response 
to experimental infection with haemolytic streptococci 

In four rabbits (14-17) of approximately equal weight, a pre- 
liminary A.S.O. titration revealed less than 1 unit per c.c. In 
the first part of the experiment, rabbits 14 and 15 Avere each given 
daily injections of 2 c.c. of a 5 per cent, solution of prontosil II for 

23 days, 46 c.c. in aU. After 72 hours’ therapy, a focus of haemolytic 
streptococci (“ Richards ”) in agar Avas implanted in the right flanlc 
of both animals. The control rabbits, 16 and 17, received no 
prontosil but identical streptococcal foci AA'^ere implanted. The 
streptococcal injections AA'ere repeated 24 hours later in all rabbits 
to ensure that infection occurred. 

Rabbit 16 (untreated) appeared ill on the third day after infection 
and was found dead of haemolytic streptococcal septicaemia the follow- 
ing morning. Rabbit 17 (untreated) was in poor condition from the 
4th to the 11th day, but recovered. The A.S.O. curve is illustrated 
in fig. 2. This antibody was first detected on the 11th day, when 
the titre Avas 10 units. The titre reached a maximmn of 80 units 
in 19 days and did not fall below 40 during the first 101 days. 



AHTisTKefiTOuYStM 0 Turn /’vwrt^rrr 


PJlOyTOSIL AXD AKTISTJtIJPTOLYSIN TITHE 


217 


save for an exceptional result on the 44tli day when no trace of 
antibody was detected. This was tlio only occasion on wliich 
com2)lete absence of antibody was observed in any animal in 
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Fio. 2.— -To show tho effect of prontosil therapy on the antistreptolysin 0 response 
of rabbits following the implantation of foci of Streptococcus hcemolytieua. 


which it had once apjjeared. No explanation was forthcoming 
and repeated tests gave the same result. 

Rabbit 14 (treated) did not appear to be in good condition from 
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the 4th to the 7th day but it quickly recovered, yielding the A.S.O. 
titre curve shoivn in fig. 2. The titre remained below 1 unit per c.c. 
until the 9th day, when it rose to 1 unit. A maximum titre of 8 
units was reached in 11 days, and fluctuation between 6 and 8 units 
continued for over 100 days udth an exceptional reading of 10 units 
on the 67th day. Rabbit 16 (treated) lost 440 g. between the start 
of the experiment and the end of the course of prontosil injections. 
The A.S.O. titre remained at zero until the 9th day, when it was 
found to be 3 units per c.c. It climbed rapidly to a maximum of 
250 on the 29th day and maintained this level for 2-3 weeks. It 
then fell, at first rapidly but later more slowly, reaching 32 on the 
101st day. 

The virulence of the “ Richards ” strain was not tested but it 
Avas an effective pathogen as evidenced by the fate of rabbit 16 
and the untoward effect on the other animals, particularly no.' 17. 
As indicated in fig. 2, rabbits 14 and 15 had lost 220 and 440 g. 
respectively when the prontosil injections were terminated after 
23 days, and this loss had been largely made good in a further 
23 days. It seemed that part of this loss was due to the 
therapy. 

So far as the titration curves Avere concerned, the control rabbit 
(17) retained a relatively high titre for a long period considering' 
that the maxunum titre Avas only 80 units. The curves of the test 
rabbits, 14 and 15, differed very considerably and illustrated the 
variation in mdmdual response folloAving identical treatment and 
dosage. Had selection from a larger number of tests been possible, 
it would have been difficult to produce greater extremes in reaction. 
A feature common to both Avas the series of zero readings AAdiile 
under prontosil therapy at the start of the experiment. This 
confirmed the previous observation that the exhibition of prontosil 
alone did not result in the in-vivo production of any substance 
capable of neutralising streptolysin 0. On the other hand, pron- 
tosil did not delay the formation of antistreptolysin 0, for this 
was present at an earlier stage in treated animals than in 
the untreated control. Nor did prontosil appear to limit the 
production of the antibody, since the response in one treated rabbit 
greatl 3 ’’ exceeded that in the control. 

In the second part of the experiment, the agar foci implanted in 
all three animals were identical with those of the first part, but 
rabbits 15 and 17 received prontosil and 14 did not. Prontosil 
Avas Avitliheld from this rabbit in order to see if the continuously 
loAV A.S.O. titre had been due to inhibition by the drug. The 
• sharp rise in titre of no. 15 on the 23rd day, Avhen prontosil Avas 
stopped, together A^dth the delaj’^ in reacliing the maximum titre as 
compared Avith the control (17), also supported the hypothesis of 
inhibition. In this animal it Avas considered advisable to see if the 
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result could be repented and prontosil vas therefore guen as 
before Rabbit 17, ^\hich had prcMOuslj served as control and 
rcceucd no jirontosil, was now gi\en a coui^o of the drug 

Fig 2 indicates that, three dajs after the implantation of the 
focus, rabbit U reached the relatively high titre of 100, which fell 
quicUy to 10 on the 2nth day There next appeared an unexplained 
rise on tlio 37th day to G3, followed by a fall to 16 on the 39th da^x 
The contrast between the first and second response suggested that 
there may have been some truth in the hjiiothesis that pronto'^il 
inhibited nntibodj production 

Forty eight hours’ therapy did not alter the titre of rabbit 15 
(I03rd daj) A rise to 50 umts was first noted five dajs after the 
implantation of the streptococcal focus, and on the 8th day 80 umts 
was reached This level was maintained until the 28tli da>, when 
50 units was recorded Apart from a reading of 80 units on tJic 
42nd day, the titro subsequently remained stead} at 50 units 
As the latent period before tho secondary response was coinparablj 
shortened in both 14 and 15, the use of prontosil in the lattei did 
not delay antibody production Otherwise the secondarj respon^sc 
in 15 was much loss intense than the pnmarj and indicated that 
quantitative variations alone must be cautiously considered before 
being accepted as significant cvndenco of tliorapeutic mtcrferonco 
Nevertheless tho response was as great as the first reaction m 17 
and the second m 14, in both of which prontosil was omitted 

In rabbit 17, the titre rose from 50 umts to 80 after 2 da} s’ 
pronto®il tlicrap} Under tho conditions of tho test tius rise was 
significant but no explanation could bo found The increase was 
not maintained under continued therapy, tlie titre bemg 32 units 
after 5 days’ treatment, which mdicated that tho drug was not the 
lihely cause of tho transitory increase After tho implantation of 
the agar focus, the secondary response vi as mamfested m a nso of 
titro to 80 umts on tho 5th day, follovied by a further rise to a peak 
of 250 units on the 1 1th day The titre then fell gradually to 50 umts 
on the 42nd day Despite prontosil therap}, tho usual reduction 
in latent interval occurred before the appearance of the response 
and tho response v^as greater than in the original course This 
combined result was considered positive evidence of the absence 
of any interference vntli anti8treptol}sm 0 production by prontosil. ^ 

It may bo noted that the test rabbits 15 and 17 lost 350 and 
330 g respectively in tlio second part of this experiment At tlie 
same time the untreated control (14) lost 220 g as a result of 
infection alone It may be sigmficant that the greatest loss m 
weight was associated in both parts of the experiment with the use 
of prontosil 
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DiSCUSSIOlf 

Despite the individual variation in response the results indicated 
little if any interference ndth antistreptolysin 0 production in 
experimental animals as a result of the simultaneous injection of 
heemolytic streptococci and prontosil. It is to be expected that 
similar resiilts Avould be found if other antibody reactions were 
investigated. 

Apart from the academic interest of the subject, the problem 
is of practical importance in vieAV of the vdde application of prontosil 
therapy. The use of the drug is often followed by periods in which 
a focus of infection persists. It is unportant to ascertain, therefore, 
if tliere is any check to the development of the natural defence 
mechanism as a result of treatment vath prontosil. )So far as 
dosage was concerned, the daily injection in these experiments 
approximated to 0-03 g. of prontosil II per kg. body weight, the 
total amount injected over a period of 22-23 days being 0-66-0'69 g. 
Neglecting species differences, the equivalent amounts for a 70 kg. 
man would be a dailj'- dose of 2 g. and a total of 64-66 g. Larger 
doses are commonly used in the early days of treatment to secure 
a maximum effect rapidly, but there was no necessity for this 
procedure in the experimental work, in which it was possible to 
institute therapy before infection occurred. Experunentally the 
drug was used at least 48 hours before infection so that any possible 
inteiTerence with antibody production was favoured as compared 
with human infections, in which the antigenic stimulus has been 
applied, in most cases, before therapy is commenced. It is a reason- 
able assumption that prontosil has no appreciable antagonistic effect 
on antibody production in human infections. The second experiment 
resembled anore closely the conditions under which the drug is 
applied in human medicine. This type of experiment, however, 
introduces additional variable factors such as the amount of 
hfemolysin liberated in animals receiving the same dose of strepto- 
coccal culture ; this renders the interpretation of results much 
more difficult than in the first experiment, in which an exact amount 
of antigen was injected. It was probable that some such variation 
in streptolysin production in the two foci in rabbit 14 accounted 
for the suggestion of an inhibitory action of prontosil. This was 
the only example of the kind encountered in the investigation. 

The observations may throw further light on the disappointing 
results with prontosil in the treatment of acute rheumatism 
reported by Swift e( al. (1938). If, as suggested by Coburn (1936), 
the delayed and precipitous rise in A.S.O. titre after hsemolytic 
streptococcal infection of the throat is part of the rheumatic process, 
then prontosil therapy will neither prevent nor reduce the antibody 
response. On the other hand, the prophylactic use of prontosil in 
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prc^entmg thio*!! infection and Ojerebj cbminatin^ the ino^^t 
coimnon stimulus for incroaso m A 8 0 titro sfionhl be of benefit 
Encouingni^ results for this: mefhocf of projilislfiMs lua\o nlrend) 
liccn ropmted bj Coburn and Mooro (1930) 

A niuc/i more remote q^icstton upon which the worh touclics is 
that of inmiumsation haiiiolific. stiojitococcal mfecfcjon 

If it Is possible so to dmolop control of hiGinol^tiQ streptococcal 
infection 1)> means of /irontosi) that all nsh of spread of infection 
IS eliminated oi reduced to lou hnut** if iimj also be possible to 
introduce a s;vstcui of modi/icd infection with t indent organisni'i 
for iin)n*oMng jmssi^e and acti\o imnninisation against 

certain of the discas^.-, of n htch this organism is tlie c uwitn o agent 


Si MMAR\ 

1 The effect of prontosd on tlie production of antjstropto/^sm 
0 in labbits has been iUNcstigatcd 

2 Xo cMdencc of inhibition or stmndatioii of nntibod\ respoii'so 
was obtained 

3 Tiio serum of non immune rabbits under prontosd treatment 
bad no neutralising action on stroptolj'sm 0, nor wore the anti- 
htemol^sin 0 titres of nnrmmc ralibitb mcrea^od b> the treatment 

4 Tho results are discussed m relation to the use of prontosd 
in rheumatic fc\er 

TJjn rc-cnre)i work was condaett il dwrmg the tenure of a grant from tho 
Hanwiworth Slemorjnl JPancl for Research tn CntlocnnlitH P^onto^^l wa^ 
generon-'b hupplictl Baj cr Rroductn Ltd 
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OBSERVATIONS ON THE ANTISTREPTOLYSIN 0 
TITRE IN PvELATlON TO THE MECHANISM 

OP acute rheumatic fever 

C A Ghejn 

1 ro»t f/»c Ktivftl iScfiool 

Tnr’ anJDnonjc of tho h^r/ooh /iHntps, of A^^cploc•occnl efilNirf< pj 

f-cairn froo brotli mhs (I(-cnbei\ b> Toibi (JOSSct) \'})0 Inter (I9'?4) 
dcmonstrntcd tliu gfoiip of <bo prcKluct-* nml ehtailt'ti t{,o (itrAtiorv 

of a uivitni\i«img untihad} to ho <l(stingiiH)i<?<i m further woiU nh nnti 
Aft-cptoh-^in O Todel <1^33 a ami h, fotmd thnt groiep A (LanctfipUl 
1931) h’WioJjtic ftfrcptococei produce txso scrologjcnih dvstiuct Narutu-^ 
of hn molj '♦m one dt ^ipnati <1 strcptolj sm O oiv account of o^\ gt ii ‘sca-'Stu jt\ 
nnd the other fittoptoh'^/n S m \irt«o of rvtmctobilJM m ^enun Tl»n 
tespon ‘^0 in arumah to cxpnnmental infection xritJj nliolo cuhnn'i of group A 
liaimolj'tic 'Streptococci wa*? a mo m titro of the nuitmlNiPf* 
ftntHtfcptoljsin 0 (A S 0 ) and ant'v**' •'* * • ; letter work 

lvasr^+ ' ' 0 titration 

m tl ' - * iiii«.t,tjon 

'1 » ^ y iirst reporttd tho A & O titrcs of normot Inuuan ‘«cra to lie 
w thes xono of 3 100 unit-» and dcmoivitroted n rise m titre of ’inr^mg degree 
after loioUTi streptococcal mfterjon^ «ich o^ scarlatina, onsipblfts etc 
Coburn and. Pnub (1935o) <iupported thest. obsenatioas b} ri porting tliot 
fetudent Tuirsc ‘1 before CAjTO-«i.tro to hvmol^tic streptococcal infection had 
AS O filters of front 33 to 100 units, tlio mean for the group being 83 In 
nurses- who contracted mftction, tlie fitres tvere later found to range from 
in to 333 nrwts tJie mean being 200, irhde m nurvcs who t^Caped inftction 
remained at tht ongmnl low Je\cl Jn a later comnnmication the sime 
autliors (19336) noted that tho mean of tho A S O titres ui 176 mdiMdUHU 
m good hcttUh \vn=- 71 units 

On tho haai', of tho^c and similar nsult',, tho titration of A S O has been 
applied to the studs of streptococcal infection m ncutt rheumatHm Todd 
(19326) reported n ii\h 7 m tttro during the actne stage of rheumat{cfe\crbut 
con?>scivred that tliia nos dependent on tJ\o frequent antecedent infection of 
th» throat hj li'cmoUtic streptococci nnd not ncccs^nriK on the mteusitj of 
tho rheumatic prpcc=»v Cobum and Pauli (2932) ohsened ft precipitous ri«o 
in tJtro fthicli immediateU precerlcd tfie oppearnneo of riieumatic jn'inifc'^ta 
tions and concluded that tlie rheumatic attack had been imtioted bv Insmo 
h-tio streptococcal mfcction Sfiudjmg the results of tv wave of inftctiou 
m ft group of rheumatic children all m tho quiescent plia^'O uith cnrditi'» 
Coht-vm and Pauli (1935 c and d) recorded that H out of id mduiduals 
infected rrith tho cpirltmic stmm dcAcioped acute ihoumftti^m, the onset of 
stuoptoute being accompanied h\ a coincident riao in ASO titro Seven 
children who c^enped infection also filled to dovcJop acute symptoms, and 
223 
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Typo oj acute rheumattsm 

Tho ca«;es of acute ilicuinatism under investigation vcie nininly 
primary attacks m bo>s vlio Jind pa^^sed a ceitain standard of 
medical ovamination not longer than three jears prior to the onset 
of illness With few e\co])tions, an 3 on 6 admitting a jiiovious histoiy 
of rlieumatism had had no other rccurrcuco within that period 

Acute rheumatism minifcstcd itself in tho gioup with the usual 
symptoms of pain and stiffness in one or more joints, followed by 
tlittmg aithntis in a \ar 3 mg numhci of joints Marked effusions 
were not common but transient swelling and tenderness were 
present m the early stages Cardiac complications followed in a 
considerable proportion of cases Although the joint symptoms w ere 
generally of moderate se\erity, tho cardiac lesions rendered the 
condition no less serious 

Clinicallj the cases weio arbitrarily' divided into monocyclic 
and polycyclic types The monocyclic group presented a single 
plinbc of actiMty with jiyrovia and joint pains of varying degree 
and duration, with or without cardiac complications In polycyclic 
cases, two or more such attacks were separated by less intense 
jienods in which there was ^ome indication of continuing activity 

Range of antistreptolysin 0 litre tn acute rhenmaitsm 

The range of antistreptolysin 0 titio during the acti\o and 
inacti\e phases of 110 acute rheumatic attacks is presented m 
table I The cases were divided accoidmg as the clinical pictui’C 
was of tho monocyclic 01 polycyclic form TIio results were ne\t 
grouped according to the o\tont of the titre range, * c tho difference 
between the highest and lowest readings recorded throughout the 
jiarticular attack In the modified test, the now nnangeniont was 
buch that the increment from one dilution to tlie next is tlie same 
nrcspectivo of tho titre level In other words, the logarithms of 
the units increase in an arithmetic senes The group showing 
'maximum lariatwn included all cases with a titre range represented 
by a difference in end point of 6 01 more tubes m the neutralisation 
te‘^t or titration The moderate variation group was similarly 
represented by a difference in end point of 3 5 tubes Variations 
m titre in those two groups could bo considered significant The 
minimum variation group included all cases whoso serial titrations 
remained at a constant level Also included m this group weie cases 
in Avhich differences of only 1 2 tubes existed, these being consideied 
insignificant under tho conditions of the test 

Tabic I sliows that 50 of tlie 64 monocyclic cases were 
accompanied by a significant change in titre Tins figuie included 
50 cases m which titres during the acti\e jiliase of rJieumatiem 
were higher than m the inactive phase, and 4 m whicli the titres 
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during inactivity were the higher. No titre below 100 units was 
recorded in the monocyclic cases with constant titres, 5 being in 
the 100-249 zone and 3 at 250 units or over. 

Table I 

The range of aiuistrepfobjsin O titre (imits per ex.) in scarlatina, hmmolytie 
streptococcal pharyngitis and the monocyclic and polycyclic forms of acute 
rlmimalisni 


Bange of antiittertol;. sin 0 titre 

Acute rlicutnatic cases 

Xon-rhcumatic 

cases 


Clinical type 

’ All cases 

i 

Scarla- 

tina 

Pimryn- 

gitis 

Monocyclic 

1 

, Polyc>cIic 

1 

Xo. 

Per cent- 

Ko. 

Per cent. 

Xo. 

j Percent. 

Xo. 

Xo. 

Maximtmi variation 






1 



Titres higher in active phase . 

oo 

34*5 

27 

5S-7 

49 

44-,-. 

11 

7 

Titres lower in active phase 

0 

0 

0 

0 

0 

0 

0 

0 

Titres varj’ing in same phase . 

1 

1-0 

4 

S-7 

o 

4-5 

0 

0 


23 

3C‘0 

31 

67 ‘4 

f)4 

49-0 

11 

7 

Moderate variation 









Titres higher in active phase . 

2S 

43-7 

11 

23-9 

39 

35-4 

4 

s 

Titres lower in active phase 

4 

6-3 

0 

0 

4 

3-6 

0 

0 

Titres varying in same phase . 

1 

1-5 

1 

2-2 

0 

1-8 

0 

0 


33 

51-5 

12 

20-1 

4r> 

40-8 

4 

8 

lilinimvim variation 









Titre range in zone of 0-99 

0 

0 

2 

4-3 

o 

1-8 

0 

0 

Titre range in zone of 100-249 

0 

7-8 

1 

2-2 

0 

5*5 

0 

7 

Titre range in zone of 250 and 









over ..... 

3 

4-7 

0 

0 

3 

2-8 

0 

2 


S 

12-5 

3 

6*5 

11 

10-1 

0 

9 


64 

1000 

4G 

100-0 

110 

99-9 

15 

24 


In the polycyclic series, 43 of 46 cases showed a significant 
variation. In 38 the active phase titres were higher than the 
inactive, and in no case were all the inactive titres higher, although 
significant change in titre occurred without detectable cUnical 
alteration in 5 cases. Of the 3 cases with fixed titres in all stages, 
2 were in the 0-99 unit zone and 1 in the 100-249. 

Thus 88 of 110 cases showed a response indicative of recent 
stre 2 )tococcal irdection, 11 failed to react and 4 cases presented a 
reversed effect. 

Bange of aniistreplolysbi 0 litre m scarlatina and in Immdytic 
slreplococcal pharyngitis 

Trom each of 15 cases of scarlatina and 24 cases of hsemolytic 
streptococcal pharyngitis, a sufficient number of titrations wnre 
available to determine the range during active infection and 
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convalescenco (table I). In scarintinn, all litres during activity 
were higher than in convalescenco, II of the 15 cases exhibiting a 
inaximuni x’ariation. Of the 24 cases of pharyngitis, a maximum 
reaction was noted in only 7, and in 8 cases a moderate increase 
occurred during activity. The remaining 9 cases showed no 
appreciable change although all tho litres were over 100. As sera 
from several of these cases were not obtained until 4-7 days after the 
onset of infection, it is possible that an early reaction was missed. 

For purposes of comparison tho data were next examined in tho 
manner followed bj’ Todd et al. 

Distribution of antistreptolysin 0 titres in various 
clinical groups 

The combined titration results of sera from various clmical 
sources are presented in table II. 

Healthy subjects. As previously indicated the sera from 107 
healthy subjects wore selected at random without regard to history 
of recent pharyngitis for which there were no bacteriological data. 
The distribution of tho A.S.O. titres in this group (table II, col. 2) 
was such that 88 were less than 125 units and only 3 above 250, 
tho aritlunetio moan being 79. 

Non-rhcumatic pharyngitis and scarlatina. The combined dis- 
tribution of those two grou|)s (148 sera, col. 5) represented a marked 
shift to lugher figures, 107 being over 125 units and 68 above 250, 
the arithmotio mean being 280. Tho scarlatina figures (col. 4) 
were somewhat higher than those for simple pharyngitis (col. 3), 
the arithmetio means being 300 and 263 respectively. 

Hhemnatic group. Tho general effect of rheumatic activity was 
obtained by comiiaring tho distribution of all sera collected during 
active and inactive periods (cols. 8 and 9). Tho distribution of 
titres during quiescent periods was intermediate between that of 
the normal controls and the non-rheumatic pharjmgitis and 
scarlatina group but much nearer the latter. The A.S.O. titres of 
203 of 398 sera (66 per cent.) taken during the inactive period 
were 125 units or more, and 138 wore over 250 units. With the 
development of rheumatic acti\’ity, the distribution was raised 
much liigher, 629 of 693 sera (90-7 per cent.) being over 125 units 
and 484 sera (09-7 per cent.) above 250. Whereas in only 13 sera 
(3-2 per cent.) during inactivity was tho titre 025 units or more, 
the. active groiqi produced 158 (22-7 per cent.) at this high level. 
The arithmetic means of tho active and inactive groups were 444 
and 210 units respectively. 

Pharyngitis in rheumatic subjects. While under observation, 20 
rheumatic subjects in the quiescent state contracted hfemolytic 
streptococcal pharyngitis. Followdng upon the throat infection, 
10 of the 20 patients developed acute manifestations. Seventeen 



228 


C. A. GREEN 


attacks Avere followed, one subject having tAvo such lapses, and 
the results are collected in table II (col. 7). The distribution of tlxo 
titres of 61 sera from this group Av'as very similar to that in the 
active rheumatic series (col. 8), as Avere the arithmetic means. 


Tabixe II 


Distribvtion of anlistreptolijsin O values observed in sera 
of different groups 


•Antistrcptolyfln 

0 units per c.c 
of serum 

Col. 1 . 

Non-rheumatic 

Blicumatic 

tr 

1 

t-.o 

AO 

& 

«r 

F~: 

Scarlatina 

Col. t 

rs 

a 

Ss 

rharyngitis 

o 

|c<l 

u 

-t; 

Inactive periods* 

Col. 9 

3 ei^ 
Sj: p 

o 

V; 

h‘' 

Absolute numbers of sera observed 

16-82 

70 


7 

26 

3 

7 

41 

73 

83-124 

18 


4 

15 

4 

2 

23 

62 

125-249 

16 


20 

39 

7 

9 

145 

125 

250-399 

2 


18 

32 

4 

18 

205 

85 

400-624 

1 


''> 

17 

0 

10 

121 

40 

025-832 

0 

■9 

5 

8 

0 

11 

61 

7 

833-999 

0 

0 

0 

0 

0 

' 0 

18 

1 

1000 or more 

0 

5 

6 

11 

0 

4 

79 

5 

Total sera 

107 

83 

G5 

148 

18 

01 

693 

398 

Average unit- 

79 

263 

300 

280 



444 

210 

age per c.c. 









serum 









Percentage frequencies 

16-82 

65-3 

22*7 

10-8 

17-5 


11-5 

5-9 

18-3 

83-124 

17-0 

13-5 

0-2 

10-0 


3-2 

3-3 

15*G 

125-249 

14-9 

22-9 


26-4 


14-7 

21-0 

31-4 

250-399 

1-9 

16-8 

27-8 

21-7 


29-5 

29-0 

21-4 

400-624 

0-0 

14-6 

7-6 

II-5 


10-4 

17-4 


62.5-832 

0 

3*0 

7-0 

5-4 


18-0 

8-8 

1-7 

833-999 

0 

0 


0 


0 

2-0 


1000 or more 

0 

6-0 

9-3 

7-4 


0-6 

11-3 

1-2 

Percentage frequencies in condensed form 

16-249 

97-2 

.59-1 

47-8 

.53-9 


29-4 

30-2 

05-3 

2.50-624 

2-8 

31-4 

35-4 

33-2 


45-9 

47-0 

31-4 

625 or more 

0 

9-5 

lG-9 

12-8 

■ 

24 -G 

22*7 

3-2 


* Tre- and post-activity. 


Tour patients experienced streptococcal pharyngitis Avithout 
re-aAvakening rheumatic infection, and in all four there Avas no rise 
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ill A S 0 titro Only ]8 sent wero available from this groiij) v\iiich 
v\crc too few for purjioses of significant compan«5on It may be 
noted, liowcvor, tliat in 14 of the 18 sera tlie titres were less than 
2D0 units and none was abovo 400 (col C) 


Dcgrct of rhettmahe achiity 

In table UI the results arc grouped accoidnig to tlie dogieo of 
clinical activity Only 12 sera were obtained during the peiiod 
immediately jireccding acti\it 3 % all being below 400 units, and the 

Tadlt III 


Tht dtstnbitUon of finttMrrptolymi O valiia obscricd in sera durnuj a 
rheumatic aitneht according to the degree oj rhcunuitic aclnitg 


Antlstri.itol>j1ii 0 
unlit jw'r r c 
nr u mm 

lllirunuittc 

I’rr acti\r 

lncrDa*lnf! 

Mflvlnuini 

nr<TC3«I(ii. 

Uu iMfil 


Absolute 

numbers of sera observed 


10 82 

4 

0 

12 

11 

U 

83 i24 

1 

1 

1 

13 

7 

125 249 

1 


31 

o5 

1.0 

250 309 

0 

12 

41 

02 

lO 

■too 0.>4 

0 

"» 

37 

53 

.0 

025 832 

0 

4 

10 

25 

13 

833 999 

0 

2 

7 

b 

1 

1000 or raoro 

0 

■ 


13 

14 

Total sem 

12 

34 

181 

290 

181 

Avomgo titro 

107 

412 

518 

450 

iG3 

(units) 






Fercentag^e Irequencies 

10 82 

33 4 

U 

0 0 

b 


83 124. 

8 3 

2 9 


4 u 

1 0 

12> 249 

S 3 

26 4 

17 1 

10 0 

27 G 

250 199 

10 0 

35 3 

23 8 

31 7 

U 0 

400 C24 

0 

15 7 

20 3 

18 2 

14 4 

62*5 832 

0 

11 8 

10 5 

S 0 


833 999 

0 

3 9 

3 0 

2 7 

0 5 

1000 or more 


2 9 

17 1 

"4 


Percentage frequencies in condensed form 

16 240 

)0 0 

29 3 

24 3 

27 3 

19 2 

250 624 

oO 0 

50 0 

44 1 

49 9 

45 4 

625 or tnoro 

0 

20 6 

31 5 


15 4 


mean, 1C7, was the lowest m any phase of the illness During 
increasing activity the distribution shifted up the scale, the mean 
titro reaching 412 units The peak was attained at tlie stage of 

q2 


JODKN OF TATII — VOt 101 








230 


C. A. GREEN 


gi-eatest activity Avitli a mean of 538 units. Even at this stage, 
12 specimens were below 82 units. With diminishing activity, 
the figures tended to return to loAver values but remained at 
relatively high levels as compared with those in the quiescent 
phase (c/. table II). The arithmetic mean in the immediate post- 
active phase was 363. 

Effect of length of time since infection in scarlatina 
^ and pharyngitis 

From cases of scarlatina only 6 sera were taken in the first 
6 days of the attack. The titres of 5 were less than 126 units and 
the remaining titre was 159 (table IV). In the second Aveek of the 

Table TV 


Distribution of antistreptolysin 0 values observed in sera from scarlatina and 
hmnolytic streptococcal pharyngitis, according to duration of time since 
infection 


Antistreptolysin 

0 units per c.c. 
serum 

Scarlatina 

j Pharj'ngitis 

Scarlatina and pharyngitis 

Interval in days from start of illness 

0-0 

D 

14-21 

22 or 
more 

(»-C 

mo 

14-21 

1 22 or 

1 more 

0-0 

7-13 

14-21 

22 or 
more 

Absolute numbers observed 

0-82 . 

4 

2 

0 

1 

9 

4 





2' 

5 

83-124 

1 

0 

0 

3 

4 

3 





0 

7 

125-249 

1 

3 

9 

7 

0 

2 




H 


12 

250-399 

0 

1 

0 

11 

1 

T 

7 

0 

1 

2 


10 

400-024 

0 

0 

4 

1 

2 

3 

3 

4 

O 

3 


5 

023-832 

0 

0 

3 

o 

T 

0 

1 

1 

1 

0 


3 

833-999 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1000 or more 

0 

0 

4 


0 

1 


I 

0 

1 

7 

2 

Condensed table 

0-124 




4 






H 

o 

12 

125-249 




7 







15 

12 

250-024 


1 


12 






5 

20 

21 

025 or more 


II 

■ 

3 

1 

1 

H 

2 


m 

11 

5 

Percentage frequencies 

0-124 

83-3 

28-0 

0 

15-4 

.50-5 

50-0 

9-1 

33-3 

02-0 

42-9 

4-2 

24-0 

125-249 

10-0 

42-9 

34-7 

20-9 

26-1 

14-3 

27-3 

20-8 

24*2 

23-8 

31-2 

24-0 

230-024 

0 

14-3 

38-4 

46-1 

13-1 

28-6 

4.") -4 

37-5 

10-.3 

23-8 

41-8 

42-0 

025 or more 

0 


20-9 

n-6 

4-3 

7-0 

18-2 

8-3 

3-4 

9-5 

22-9 

10-0 


iUness, 5 of 7 specimens had a titre of more than 125 units, and in 
the third AA^eek the liighest distribution aa'bs obserA’^ed, 17 of 20 
(65-3 per cent.) having a titre of 250 or more. The figures during 
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the fourtli mid subsequent iieehs shoived a commencing regression 
to lo« ei \ allies 

The distnbution in Bimplo pharjmgitis appioxmiated closely to 
that in scarlatina iiith only minor diflerences Thus higher litres 
Mere observed at the commencement of the illness, but in the 
following weehs the distnbutioii was at a slightlj lower level than 
m scarlatina N^cverthelcss, the highest distribution was again 
observed during the 3rd weeh This can be correlated with the 
finding that 9 of the phnr3ngitis cases (table I) started with litres 
over 100 but showed no increase, wliereas all the scarlatina cases 
icsponded viith a inarhed increase m titie 

Tilrntioii Clines in monocijdic cases of acute rheumatism 

Examples of the titration curves are illiistiated in fig 1 Cases 
2, 3, 4, C and 7 coirespond to those described bj Cobuin (lOSOo) 
as t3 pical of the rhoiiniatic state in that the maximum titro was 
reached after the period of greatest activ'it5 was passed and when 
the sedimentation rate was improving Abnormally Ingh titres 
were maintained for weeks, and m some instances for several 
moiitlis, but a final decrease was observed In other cases, os in 1 
and D (fig 1), the titres were as high at the onset of the attack ns m 
0113 subsequent stage It could not bo stated that only severe cases 
were accompanied by a piolonged ASO response Thus case 3 
was mild and of short duration, without detectable cardiac 
comjihcations, but the titie lemamcd at a very high level for 
sev'eral months On the other hand all severe cases in winch aiiv 
rise in titre developed, [iiesentcd this to a high degree As in all 
other cases m this group, a final fall m titro w as observed 

Cases 8 11 constituted the small group (4 out of 64) in which 
titres during iiiactiTit3' were higher than m the active phase In 
case 8, no significant shift m the titre from a resting level of 100 
accompanied a severe attack, but in the 12th week, when con 
valescence was well established, the titre rose to 2D0 and was 
maintained at that lev el until observation ceased in the 20th w eek 
Case 9 started w itli a titre of 50 at the onset of an attack of short 
duration At the end of the 4th week, an increase to 625 was 
noted and was succeeded b3' a drop to 200 in early convalescence 
A progressive increase follow ed which finally surpassed and remained 
above the highest titre during activity There was no clinical 
reason for this increase in titre, the patient remaining perfectl3’ fit 
Cases 10 and 11 were similar to 9, save that no fall in earl3 con- 
valescence was noted As a sigmficant increase occurred during 
the attack in cases 9 11, tbe3' possibl3’ represented extreme examples 
of delayed reaction, but no correlation of antibody response with 
activity of the rheumatic pioccss could be made The titles of 
cases 8 11 remained close to the final levels recorded in fig 1 until 
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Fio. 1.— To show example'! of variation in antistreptolysin O response in monooyoUc attacks of aonte rheumatic fever. 





ANTISTREPTOLYSIN O IN ACUTE RHEUMATISM 233 



Fio. 1. — Continued. 
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the end 'of an observation period of 6 inontlis. It was therefore 
considered advisable to place them in a separate serological category 
to differentiate them from the majority of cases in wliich a final 
fall was noted before the end of a similar period, although no 
clinical distinction between the two groups could be made. 

Cases 12-16 were representative of the group (8 out of 64) in 
which no significant change in titre was detected throughout the 
attack. Clinically, these cases were also indistinguishable from 
the majority in which an increase had occurred. Case 16, for 
example, was a severe polyartliritis affecting many joints before 
the condition finally settled down. The titre was .312 at the first 
observation on the 2nd day of illness and remained at that level 
tlwoughout. As in cases 12 and 14, the titres were weU above the 
mean of 79 observed m the normal control group. The other cases 
illustrated were of a less severe nature, but nevertheless bore the 
typical character of rheumatic polyarthritis. 

Titration curves of polycyclic cases of acute rheumatism 

As shown in fig. 2, these ca.ses afforded good examples of the 
relationship between rise in titre and clinical crises. In cases 17 
and 18, three clinical cycles were each attended by an advance in 
titre, although this was not always of the same intensity. Thus in 
case 17 the first two cycles were followed by marked responses but 
the third produced a much smaller reaction. In otlier cases, as in 
nos. 20-22, the swing in titre between the cycles was not so evident 
and the titre curve remained at a high level throughout the active 
phase of illness. 

The small group of 3 cases in which there was no significant 
change in titre was formed by cases 24-26. Of these the first two 
were clinically severe and 26, though of milder character, persisted 
for 21 weeks with titres varying no more than in the period charted. 

Variation in titre without alteration in clinical state 

On account of their clinical reaction, those cases showing 
marked variation in titre during the same clinical phase are 
separately illustrated in fig. 3. The two monocyclic cases, 27 and 28, 
both had titres in earlj^ convalescence lower than those obtaining 
in the active stage, followed by a rise in late convalescence. The 
polycyclic series supplied 4 cases in tins category wliich were observed 
for longer periods. The response of each was similar in that the 
first cycle of the attack was accompanied by a sharp rise in titre 
followed by a rapid fall. One case, no. 30, showed an insignificant 
response to subsequent cycles but the remaining 3 cases produced 
no such rise, although the clinical cycles were as intense as that 
at the onset of illness. 
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Fio. 3. — ^To show examples of variation m nntistioptolysin O title during ncino 
and quioscent phases of inonoi yelie and polycyclic attacks of acute rheumatic 
fever. 


Aniislreplolysin 0 response, in scarlatina and in 
himiolylic slreptococcal pJiar7jngi1is 

Statistical examination liad shown that increase in titi'C was 
invaritibly noted in tiie cases of non-rheumatic scarlatina studied, 
the mean being raised to 300, with maximum titre.s occurring in 
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tlio Jrd and 4th i^eohs of infection In simple pliar^ngitis due to 
5/rcp/ococf»5 lidmohjUcus, there ^\ns usually but not aluajs a 
similar rcspoiLso, the mean being 20^1 

Selected cases aie illustrated 
in fig 4 Of the scarlatina 
group, cases 1 and 2 ucro t 3 ’ 7 Mcal 
e\ample‘» of the intense but 
rajud reaction during the 2iul 
and 3rd McolvS Cases 3 and 4 
evemplified the occurrcnco of 
ma\imum titrcs in tlio 4th 
and 5th weehs In pharyngitis 
tlicre Mas also considerable 
\anation in response from the 
high, lapidly attained peah in 
case 1 to the slou ucah re 
sponse in case 4 Iho absence 
of my cliango ui titre noted 
in 5 of the 24 jiliaryngitis 
cases oxammed is illustrated in 
case 5 

There uas considerable in- 
dividual \ariation, therefore, m 
this non-rhoumatic group after 
streptococcal infection No pro- 
longation of the increased A S 0 
titre Mas seen, altliougli the 
actual appearance of increase 
•was not apparent m some cases 
until the 4th or 5tli Meek TIic 
absence of reaction in a min- 
ority of cases indicated that a 
negative result could not bo 
considered certain evidence of 
the non - occurrence of recent 
streptococcal infection 



HcBinolyUc streptococcal pharyngitis %n rheumatic subjects 

While under observation, 20 rheumatic subjects in tlxe quiescent 
phase contracted pharyngitis Four attacks Mere foUoMed by 
uninterrupted con\aIescence and in all four cases there Mas no 
increase m A S O titre rourteen of the 18 ser<a from this group 
had titres of less than 250 One case Mas observed through two 
attacks of pharyngitis, of Mhicli only the second Mas folloMcd by 
mild rheumatic actnitj Tlie first tliroat infection mIucIi failed to 
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stimulate rheumatic infection also failed to produce any increase 
in titre, but the second attack of pharyngitis -was accompanied 
by a moderate rise Avliich persisted during the subsequent period 
of clinical activity. 

Further exceptions were sought by noting instances of renewed 
activity in rheumatic subjects who had no antecedent pharyngitis. 

Reactivadon of rlimmalism without •pharyngitis 

While under observation, 10 subjects in whom rheumatic activity 
had been quiescent for varjdng periods developed acute mam- 
festations without clinical evidence of pharyngitis. There were 
no subjective complaints and no abnormality of the throat was 
detected in routine examination. In 7 of these cases, Inemolytic 
streptococci were isolated from tl}e throat before the onset of 
symptoms, either for the first time or after a series of negative 
results, and in 6 of these the attack was followed by a significant 
rise in A.S.O. titre. In the remaining 3 cases, hajmolytie streptococci 
were not isolated from the tlnoat in repeated examinations but 
two of these cases also shoAved a significant rise in titre. In this 
group of 10 cases, rheumatic activity was, accompanied by a rise 
of titre in 8, despite the absence of clinical evidence of .pharyngitis 
before or at the onset of the attack. 

Discussion 

The results from the clinical groups ivere particularly suitable 
for purposes of comparison in that all the subjects were males in a 
strictly limited age-group of 16-18 years. 

The healtlij"^ controls were males in a slightly higher age-group of 
18-20 years. The Ioav A.S.O. values of sera from this group closely 
folloAved the results of Coburn and Pauli (1935a), the respective 
means being 79 and 83. Although controls in tlie 16-18 j^ears age- 
groups were not available, little difference was to be expected 
from the distribution found in the older boys Avho had been in a 
similar environment for at least two months before examination. 
If anjdihing, the readings in younger boys may have been loAver 
on account of reduced opportunities in age-years for infection to 
have occurred. On the other hand, it may be argued that there did 
exist environmental differences in the exposure of the clinical groups 
and healthy controls, resulting in a greater risk of infection so that 
the initial titres of the former Avere liigher. Apart from the absence 
of any evidence of such enviromnental differences, this criticism is 
countered by the loAv titres of the scarlatinal and phaiyngitis 
groups in the first week of illness and by the relativelj'' Ioaa" titres 
of the small number of sera from rheumatic patients prior to the 
onset of activity. 
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Tiio distribution of titrcs in non rheumatic scarlatina and 
pliarjmgitis presented, tliercfore, a marked and significant shift 
up tho scale of \ nines but to a loner plane than that obso^^ed b\ 
Todd ct at (1939) Tho aritlimetic mean nas actually higher, 
namely 280 as against 239, but this nas duo to tlie presence of fonoi 
extreme \ allies The distribution approximated more closely to 
that of tho rheumatic group nith pharvTigitis but no rheumatic 
activity in Todd’s scries 

TIio data indicated that tho maximum titro in scarlatina and 
pharjmgitis nas attained most frequcntl3'^ in tho period 14 21 da\s 
after infection Experimentally'' it has been observed that tho 
A S 0 titro falls nitliin a fen dajs of supphing the antigen (Green, 
1941) From these observations it may bo deduced that even in 
simple pharyngitis and in scarlatina there is prolongation of the 
antigenic stimulus for a considerable time after tho acute throat 
infection has subsided, but that this does not extend beyond 4 5 
veeks Coburn and Pauli (1939) ha^o fully denionstiated that 
prolongation of the increased titre in scarlatina and pharyngitis 
vas due to complications or contmued infection 

Tho results confirm previous obsciaations on tho general mcica«o 
m A S 0 titro m acute rheumatism, although the degree of increase 
was not as great as that reported by Todd cf al In presenting tho 
results, tiio methods vero considered essential in attempting 
correlation v, ith tho clinical process Tho tabular recording of actual 
titro values pro^ idcd a very satisfactory method for tho statistical 
comparison of different groups but did not disclose the \arious 
responses encountered in a single clinical entity Thus although, 
in a recogmsed infection such as lijcniolyrtic streptococcal phary ngitis, 
an increase m A S 0 titre vas tho general finding, some patients 
failed to respond, irrespective of the high or lou Ie\ el of the imtial 
titre No fall in titre, hon ever, u as noted in an established infection 
As may be expected from the toxigeme nature of scarlatina strains 
of haimolytic streptococci, six fully observed cases of this disease 
presented a v ell marked reaction 

The variations m non rheumatic subjects must be considered 
uhen the A S 0 response of rheumatic subjects is examined The 
shift to higher lalues m rheumatism uas confirmed, as vas the 
maintenance of lugh titres for much longer periods than in the 
non rheumatic controls Therefore it uas surprising to find that 
G out of 17 acute attacks m knovn rheumatic subjects, preceded 
by pharyngitis of ht'cmolytic streptococcal origin vere not accom 
pamed by any significant increase in titre This proportion, it may 
be noted, vas roughly that of the non rheumatic group, vhoso 
titres Mere also unaffected by pharyngitis Reactivation of 
rheumatism, therefore, could not be invariably linked inth further 
increase in A S 0 titre following repeated throat infection 
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However, it sliould be remembered that the distribution of A.S.O. 
titres in inactive rheumatism was much higher than in normal 
controls and therefore the above conclusion did not exclude the 
possibility of further streptococcal activity wliich was masked 
by the high titres already reached. Unpublished observations have 
shown that in animals with relatively high A.S.O. titres the further 
injection of large amounts of streptolysin 0 may have little or no 
effect. When the variation in non-rheumatic subjects to hsemolytic 
streptococcal infections was taken into account, the evidence in 
support of such infection in the majority of the rheumatic group 
was coirsiderably strengthened. In the absence of direct proof of 
continued streptococcal infection, Coburn (1936(i) has suggested 
that this evidence indicated an altered response on the part of the 
rheumatic subject to antecedent infection. One difficulty in the 
acceptance of this theory of mechanism has been stressed by noting 
that typical attacks recur in known rheumatic subjects without 
further increase in titre. 

Although direct proof of contmued infection has not been 
obtained. Green (1939) suggested this possibility in reporting that 
hfemolytic streptococci had been recovered from heart-valve 
cultures made post mortem in cases of acute rheumatism. The 
source of the organisms in such material could not be definitely 
ascertained but the strain in each case was of the same serological 
tyjie as that isolated in life from the throat, Avliich appeared to 
exclude an extraneous origin. Heart-blood cultures were all 
negative for hsemolytic streptococci, although terminal infection 
of the blood could not be absolutely excluded as a possible explana- 
tion for the presence of the organisms in heart-valve cultures. 
Thomson and Imres (1940) have since confirmed this observation 
and CoUis (1939) has also reported similar results. 

While the importauce of luemolytic streptococcal infection has 
been emphasised, there still remains for consideration the minority 
of cases of acute rheumatism in Avlrich no increase in A.S.O. titre 
was observed. Either these were similar in nature to non-rheumatic 
cases which failed to react to infection by demonstrable antibody 
production, or else such infection had no part in inducing their 
rheumatic state. With the evidence at present available it is 
impossible to exclude either alternative, but concentration of 
investigation on cases-in this group should yield important informa- 
tion in regard to eetiology. 


Conclusions 

1. The antistreptolysin 0 titres of 1346 sera from male 
adolescents, including various clinical groups and healthy subjects, 
have been determined. 
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2 TJjc mean titrc in noinml controls 79 , in 82 3 per cent 
of tlie sera the titio ^^as loss than 125 units 

3 An increase in titie Mas mvaiiably noted m scailatina, the 
mean being raised to 300, Mith iiia\iiniim titres occurring in the 
3rd and 4tli -weeks of infection 

4 .Simple jiliar^ngitis due to Streptococcus hcoinolyticus Mas 
usually but not nhv a^ s foIIoM ed bj a rise in titro, tlie mean being 263 

5 The mean titro in the acti\o phase of acute ilieumatism Mas 
444 and during the mactno iibnso 210 

0 Of 110 attacks of acute rheumatism, 79 9 poi cent Mere 
accompanied b\ a significant increase in titro mIiicJi, in tlie majonty 
of cases, roichod ma\iimiiu propoitions at or just after the height 
of clinical actiMtj , m 10 1 per cent of attacks no change m titie 
Mas obseived and in 3 C per cent the titres Mcie reduced during the 
active phase 

7 Evnmples of the various typei* of antistioptolysm 0 lesponse 
in rJieumatic and non rheumatic subjects nie described 

Til!*' was condiictctl thirmg tlio tciuin. of tlu FitdcncK Pcarsoii 

Sn Halk\ btfMnrt Trust roiuulation Fcllowuliip of tho Einpiro Rheumatism 
Coiuicil Inmprcatl} uulcbtoil toDrE W Todd foradMCc and assistance and 
to numt rou*» officeiN lyid personnH of the Rovnl Na\nl Medical Sen icofoi thou 
vidling CO opemtion 
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REVERSED PASSIVE SKW SENSITISATION TO 
HORSE SERUM IN HTOIAN BEINGS 

G Pa\uvg Wwojjt and S 3 Hopkivs 

From the Dqxtrtmcnt of Pathoiogtj^ Ourfa Hospital Mc^hcal School 

The «3e\cJopment of nnaph^ /ac(tc shock in nnimoN ai the result of the 
pareuterul mjection (list of an antigen and later of a scrum, cither homo* 
Jopoiis or hoterologouB, conwinmc tho tippropnato nofibod\, ha*? been 
demonstrated b\ Opie (2^24), CombicMjo and Brminer (1028), Kollett (1935), 
and Enclcrs (1936J and \on den End© (1040) Tlus form of shock, 
winch !>> not so consistcntli reproducible as that m tlio better recognised 
condition of pavsuo anaph^Javn, is now \«iiallj known a% re\er>ed passive 
annph\ lactic shock Both forms arc, however, believc<i to be fundamentally 
similar m that thej result from tho damaging effect's of tJie combination of 
antigen and nntibodv cither m (ho interior or on tho surface of certain tissue 
rella Though the number and vanetj of th© antigens ^o far wed in attempts 
to elicit reversed pft^'lva onaphj lactic reactions hnvo been limited, certain 
failures Imvc been ob-*orveik and it baa boon ‘<i)gge^ted (van cion Endo) that 
m thC’so instances the antigenic protein js * unocrf'r.ioi » » i 

of tho tiniTual injected 

to tho animal used, it se< . o uiiiigen or tlie antibody 

first comes into contact mi«i tho reactive tissue celi^ and senMU-ses them 
for tho later advent of the other 

TVic foot/ oppuvxf (<f r/o? ^(Kctif (eatt^^eronce cf •?ecis‘ffc»atKWi 

m iuimun bemg> wa<iclearl> Oemon«itmred bv rrmisuitz and Kxistner (1921) 
wlion t)ie> Siicccssfidiv sensitised tho Nkm of a nomial subject bj injecting 
latradcvmallj a email quantitv of serum from a man higlily '?en‘?itivo to 
fish muicle protein*' T2 ijh ti-pe of reaction, iihieh ha's smeo been extensively 
studied, corresponds on a dimmiitivo bcal© to the ordmarv form of passive 
annphvlactic fchock, though it iv not \ot univoisallj agreed that the two 
reaction^ have the sane ftmdnmontnl underjjing mechanism Tho comeis© 
reversed passive sensitisation of the si m bo* been oflcctetl by Opie, though 
to do bO he injected subcutaneously or rntravenou^lj wfiat would now be 
regarded as ver> largo quantities of lioi'*© serum to seasitise rabbits to a 
suheutaneoub injection of rabbit v hoibo antiserum twentj four hours latei 
The interaction of antigen and nnfibodj m. the subcutaneous ti«sue« led to tlio 
development of severe local mfiammntorj oedema, nlHcJi was marked on 
tlie following dn^ a/id m some instances persisted for bevond days Opie 
does not mention how soon after tho second injection the reaction set in 

In the pieseiit sewes of expcnnients the mersed passive 
sensitisation, reaction of the skin of Juinian beingi. has been exatmned 
by injecting mtiaderniall3^ a \ery small quantity of horse serum — 
which contains at least one and possibly more acceptable antigenic 
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proteins — and after, an interval injecting into the same site a small 
quantity of serum from a human subject vho 4vas verj^ sensitive 
to horse serum. By analogy, this type of reaction would correspond 
Avith the reversed passive anaphylactic shock described by Opie 
and others, and its underljdng mechanism may possibty bear the 
same relation to tliis form of anaphylaxis as the Prausnitz-Kiistner 
reaction bears to the ordinary passive anapliylaxis. Whatever may 
be their mechanism, both these local skin reactions resemble one 
another so closel,yas to be indistinguishable in appearance and clinical 
course. 

i\Tr.THODS AMD SOURCE'! OF MATEIUAT. 

The horse serum used was tetanus antitoxin (natural serum) prepared by 
the Lister Institute and containing 0-35 per cent, of tricresol. In the dilu- 
tions used, intradermal injection of this serum caused only slight reactions in 
the majorit 5 ' of human subjects. 

The human antisera were obtained from two subjects who were highly 
sensitive to horse serum. Both had been treated on several occasions for 
prophylactic or therapeutic reasons with antitoxin -containing horse serum, 
and on the last occasion both had developed severe general reactions. One 
serum (.T.E.S.), which was used in all the experiments except those summarised 
in table II, when undiluted gave ring-test precipitin reactions with horse 
serum in concentrations from 1 : 5 to 1 : 20 ; the other (G.!M.C.) failed to 
give any reaction from 1 : 5 to 1 : 320. 

Normal human sera were obtained from two men both of whom, after 
their blood had been taken, failed to react to an intradermal injection of 
0‘1 c.c. of a 1 : 10 dilution of horse seram. No preservatives were added to 
any of the human sera used and no .specimen rvas more than two weeks old 
at the time of injection. 

Nearly all the subjects passively sensitised were medical students aged 
20-2C years : tlu-ee were over 30 years. No subject was used for more than 
one experirhent and none of the few that reacted to the preparatory injection 
of horse serum was later injected with human serum. The injections were 
made into the flexor siu-face of the upper half of the forearm. Both human 
and horse sera Avere injected as nearly as possible at the same point-in the 
skin and in the same direction, so that both solutions should infiltrate the 
same area. 

The reactions were recorded by tracing on celluloid film the outline of the 
area of confluent erythema that developed in 15-20 minute.s, when the flare 
reaction was maximal, and transferring the oirtline to squared paper from 
which the area corrld be determined. In some of the experiments the size 
of the wheal also was recorded in this way. 


Restjlts 

In most of its clinical features the present reaction closelj’' 
resembles the Prausnitz-Kiistner reaction. The intradermal injec- 
tion of the antisentm into skin sites sensitised 24-48 hours previously 
Avith horse serum.,Avas folloAS’ed 3-5 minutes later by a groAving area 
of erythema round the point of injection. As Avith the Prausnitz- 
Kiistner reaction this A\'as at first punctate, but as the flare dcA’-eloped 
most of the punctate areas grcAv until the innermost became 
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confluent Even at the lioiglit of the reaction, liowo\ci, iisiialh in 
15 20 minutes, there «ero nluajs a number of siimU discioto areas 
of erjthema several mm outside the central confluent flare The 
flare evtended more or less evenly in all directions, finalK fornnng 
a rough circle or broad oval vnth the point of nijoetion non the 
centre 

In positivolj icactmg areas the fiinal! louiidcd elevation m the 
skin 11 Inch resulted from the mtiadcnual mjeefioii gradually 
enlarged, became flattened on the top and assumed the ciiarai tei istic 
appearance of a skin viliea! When normal liuman serum and auti- 
fiennn iveie iiyectcd sojiaratcly into svminetrical prepared sites 
on the two arms, the small skin elevations due to the injections 
uere at first mdistingiushoblo, but after 10 15 nnnutes tlicv con 
trasted stjoiigly that raised by the normal bcruin had largely 
subsided, vvlule that produced bj the antiserum had enlarged 
to several times its initial si?c and often showed psciulopodiv! 
siircaduig 

The entire reaction, including both erythema and wheal, faded 
almost complete!} in about 2 hours , tlio erythema disappeared 
first and the wheal gradually bceaino softer and more diffused 
No rocrudesccnco was obson ed 

Comparison of the size of the reactions caused by normaf 
scrum and anhsentm 

Eleven subjects were prepared by four pielinunai} mtiadermal 
injections of 0 1 c c of diluted horse serum into tw o points about 
5 cm apart in each upper forearm At the upper point the con- 
centration used was 1 20, at the lower, 1 100 After 48 hours 
0 1 cc of antisenim was injected intradermnll} into the two 
prepared sites on the left arm and also into a third previously 
untreated site about 5 cm lower and rather more medial m the 
same arm The two prepared sites and a tlurd unprepared site 
III the right arm were similarly injected with 0 I cc of normal 
human serum The third injection m each arm w as for the purpose 
of exoludmg the possibility that the human sera themselies might 
excite an eiytheinatous reaction m the absence of horse semni 
The results are given in table I (p 246) 

It will be seen that the areas of erythema produced bj the 
control injections of both the normal serum and the antiserum 
are very nearly equal Further, the three reactions on the light 
arm, where each site had been injected with normal human serum, 
were all the same sire, whether the area had been jirevioiisly 
injected with horse serum gr not The areas of erythema icsulting 
from the injection of antiserum into the sites previoiish injected 
with horoc serum were, however, about ten times as large as those 
aoTJjiN orPATB—TOL un r2 
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produced under the same conditions by normal sermn or b}-- each 
of the control injections of the two kinds of human serum into 
unprepared sites. 

^ Tabue I 


Means of the areas of the erythema resulting from the injection of imrmal 
human scrum and antiserum into sites sensitised by horse serum 48 hours 
previously 


Site of injection 

Preparatoo* injection 
of horb^e scrum 

Area of erythema («;q. cm ) 

Eight arm 
(normal ‘.erum) 

Left arm 

(antiserum J.L.S.) 

Upper 

0-1 c.c. 1 : 20 

l-78±0-2G 

lG-lo±l-42 

Jliddle 

O-I c.c. 1 ; 100 

1-S4±0-51 

I5-47±l-95 

Lower 

Nil 

l-GO±0-53 

l-G5±0-26 


There was also a striking difference in the extent of the whealing 
produced in the two arms. On the right side (normal serum) the . 
small skin elevations resulting from the injections soon subsided 
and at no stage did characteristic wheals appear. On the left 
side (antiserum) the skin elevations became ])rogressively larger, 
lost the more or less rounded contour of an intradermal bleb 
and developed the flattened plateau-like top characteristic of a 
spreading wheal. 

Effect of dilution of aniiserim on the size of the 
erythematous reaction 

Several experiments were made to determine the extent to 
which the dilution of the antisera would diminish the erythematous 
reaction. As before, sites were prepared by the intradermal 
injection of O-l c.c. of a 1 : 100 dilution of horse serum and twenty- 
four hours later antiserum in dilutions of 1 : 25, 1 : 125 and 1 : 625 
Avas injected at the same points — antisermn from one sensitive 
subject (J.E.S.) into the right arm and that from the other (G.IM.C.) 
into the left. The weakest dilution of antiserum Avas placed inidAvaj'^ 
betAA’een the other tAvo. The results are given in table II. 

It is CAudent that both antisera are capable of causing reA’’ersed 
reactions eA^en after considerable dilution, though, as would be 
expected, the size of the erythematous reaction diminishes steadil}^ 
AA-ith increasmg dilution. Antiserum J.E.S. had become irregular 
in its action, as can be seen from the relatively high value of its 
standard error, in the dilution 1 ; 125, but antiserum G.M.C. shoAved 
considerable i3ersistent actmty even at the liighest dilution (1 : 625). 

In each of the subjects examined the AA'healing aaus better AA’ith 
antiserum G.M.C.. and it AA-as unfortunate that more of this anti- 
serum AA-as not aAmilable for further experiments. 
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Table II 


Alcatts of arca^ of crijthana rvsnltmff front the tiijcetion of varying diiulwne 
of anliscrnni into sitce ecmtttacd by horse sernm 24 hours preiwicsjy 


Awiofcr 3 th^ma(«fj cm) 

Uunwn antiserum 

DHutlon of jtcnim 


I lih 

1 12c> 

J C2j 



2 24i0 56 



4 484;0 92 


T\m& required for scnsthsaiion of the sUn by the 
horse serum injected 

III order to determine tlie time ncccssnrj' for the injected Jiorso 
serum to sensitise the local tissue ceils, several ovpcriments were 
carried out in 11111011 a series of sites, prepared sirauUaneously 
boforeliand, iins injected 111th antiserum one at a time at varying 
intorvnls Slv sites — three in oaeh forearm — 11 ere injected mtra- 
dorinally uitli Dice of aJ 100 dilution of horse servm The 
reactions ovohed 11 ere slight and the injected fluid iins completely 
ahsorhed in less than half an hour After lialf an hour one houi , 
til 0, fii e, twelve and tii enf y four hours, 0 1 c 0 of human nntisenim 
lias injected into the si\ sites scnoliiii After twenty inmutes the 
reactions were recorded and the means and st.andnrd errors of the 
are.as of the re.sulting flares and 11 heals .are set out in table HI The 
size of reaction caused !iy a control injection of the antiserum into 
an area of normal slon at the end of the first hour la also lecordod 


Tadlt III 

Alrans of areas of eri/lhenia and uhrnls dcicloping ithen aniismtm is injected 
nl larmts vitcriats after senstusnuon of si m sites by horse serimi 


No Dl 
iUl>}0Ct3 

u cd 

Dilutitm 
offtnti criini 
a I a) 


AKaor€r>Uicma{r)(«Q cm I ( q nipi ) 




Time 0iot«"») 





c 

= 

12 

2l 

Control 


Undilutetl 

E 

9 59 

12 93 

12 81 

14 46 

15 46 

Ji <ie 

1 82 



W 

,04 

152 

eis 

107 

278 

177 

S3 


1 5 

E 

4 98 

8 36 

8 64 

10 78 

IZ 83 

0 98 

1 50 




il 13 

±i 37 

±0 OT 

±0 98 

+ 1 45 

10 

±0 34 



V. 

‘*74.10 

01 

-fl 

130+19 

I3+±IS 

159i;15 

125^14 

3T±:1J 
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It can be seen from this table that a very definite reaction 
involving both erythema and wheal developed wlien the interval 
between the injection of the horse serum and of the antiserum was 
as short as half-an-hour. The reaction in the site injected at the 
end of one liour was considerably larger and this increase in the 
area of the flare continued until twelve hours. Two of the five 
subjects who received the diluted antiserum, however, had the 
largest of their reactions at the end of five hours, from which it 
would seem that in general the maximal reactions may be expected 
about the tenth hour. With an interval of twent3’’-four hours the 
size of the reactions had fallen somewhat and was much the same 
as had been found previously with reacting solutions of similar 
strengths. The wheals resembled the flares in rising to maximal 
mean areas at tlie end of twelve hours ; one of the subjects, how- 
ever. had his largest wheal after five hours and one at the end of 
twenty-four hours. Both subjects injected with undiluted anti- 
serum had their maximal reactions, both for flares and wheals, after 
twelve hours, and from the findings in these two subjects it appears 
that the flare, at least, rises towards its maximal size rather more 
ra])idly than when the more dilute antiseriun is used. The possi- 
bility that tliis observation is related to the greater abilitj’- of the 
stronger antiserum to neutralise any excess of free antigen is 
discussed below. 

In both series the injections of antiserum alone excited only 
small flares and wlieals. 


Comparison of f/ic sensUivify of fJic reversed reaction 
tciih that of Prausnitz and Knsiner 

In ten subjects the skin of the right forearm -was injected 
intradermally with OT c.c. of a 1 ; 100 dilution of horse serum at 
three ]ioints, and at the same time the skin of the left forearm was 
similarty injected at three symmetrical points with OT c.c. of 
various dilutions of human antiserum — at the liighest point in the 
left arm undiluted, at the middle point 1 ; 25 and at the lowest 
1 ; 5. Tu'enty-four hours later the injections were repeated, but 
the right arm was now injected Avith the human antiserum and the 
left Avith horse serum. A group of reA’-ersed reactions AA'as thus 
produced in the right arm and of Prausnitz-Kiistner reactions, 
using identical amounts of both antigen and antibody, in the left 
arm. Since both reactions AA'ere completed AAnthin tAA-enty-four hours 
,of the initial injection of the horse serum into the right arm, there 
could be no risk of any neutralisation of the antigen bj'" antibodies 
actiA^ety produced in the test subjects. The results are set OAit in 
table IP. 
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Since the number of subjects ovammed "was small the significance 
of the differences Jias been tested by the method devised b} Fislier 
(1938) for assessing the significance of differences between the 
means of small samples At encli dilution of antiseium the siginfi 
cance IS of a high ordci Tiieae e\pcnments seem to sliou, tlierefore, 
that tlio reversed reaction is stiff strongly present at Jewels of antigen 
and antibody concentration at -winch the Prausmtz Kustner loaction 
iias reached the lower limit of its sensitivity Not only did the 
former jiroduce larger areas of erythema, but it also caused moie 
definite wheabng , tins, indeed, was often marhed on tlie rigfit ann 
when none was present on the left 

Tablf IV 


Compdnson of the incons of the arca^ of the enitheum deiclopinq r?i reversed 
sensitisolton and in the Prautmtz Knslncr reaction 


miutlnn of «.onini 
(J S) 


Vnn « fmtl oim ( | cn 

) 

Kiv'iti ti 

Imu<i Uz xaitner 
n 

Jiiffcrci re J etttcen 
mpin* 


13 03 + 1 27 

2 20±0 >7 

10 74 

J -> 

10 47il 14 

2 40i:0 43 

7 flS 

1 2"i 

0 73 + 1 '!4 

1 2 00+0 42 

1 

7 GO 


TJieio remained, Jioiscver, the possibility that, in the 
simultaneous performance of two reactions on the two arms of 
the same person, some of the antigen niigiit enter tlie circulating 
blood ill one arm and be carried to the tissues of the other, where 
it might partly or completely neutralise the antiserum already 
injected there and so lessen tlie intensity of tlie Prausmtz ICustner 
reaction wiien this was ehcited later Actually% Gay and Chant 
(1927) found that, with ragweed pollen e\tracts, “contralateral 
injection. ” of antigen brought out the Prausmtz Kustner reaction 
almost as satisfactorily as direct injection into the sensitised area 
To exclude such possibilities a senes of Prausmtz Kustner reactions 
in a group of five subjects was compared ivith a senes of reversed 
, reactions m five other subjects In both senes the concentration 
of the reagents and the time interval were the same as in the earlier 
experiments The results are set out in table V (p 250) 

All the differences between the means are highly significant 
as judged by Fisher’s test There can be little doubt, tlierefore, 
from the fairly good agreement betiveen the results set out m tables 
IV and V that the neutralisation of the antiserum by the horse 
serum injected contralaterally was not responsible for the observed 
differences m the two types of reaction 
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Table V 

Gomparison of the means of ihc areas of the erythema developing in reversed 
reactions and Prausnitz-Kiistner reactions carried out in different subjects 
(2 groups of 5 persons each) ^ 


Dilution of serum 
(J.E.S.) 

Area of erythema (sq. cm.) 

Reversed passive 
sonsitlsation 

Prausnltz-KOstner 

reaction 

Difference between 
means 

Undiluted 

12-52±2-63 

l-64±0-37 

10-88 

1:5 

8-19±l-23 

l-30±0-13 

G-80 

1 : 25 

7-85±l-33 

l-99±0-49 ' 

5-8B 


Discussion 

It seems likely from the close similarity in their mode of 
production and clinical course that the present reversed passive 
sensitisation reaction and the Prausnitz-Kiistner reaction have a 
fundamentally similar mechanism, aird that when horse serum is 
used as the antigen it is immaterial for the successful 'production 
of these local reactions whether the antigen or the antibody- 
containing human serum is injected first and therefore comes into 
contact first wth the tissue cells. In the light of our present 
knowledge of reversed passive anaphylaxis this ready reversibility 
of the local skin sensitisation reaction is hardly surprising, esjiecially 
when normal mammalian sera, with their large assortment of 
^ protein components of various sizes, are used as antigen. Indeed, a 
greater ease of reversibility might be expected in skin reactions 
than in generalised anaphylactic reactions, for in the latter both 
antigen and antibody are usually injected intravenouslj^ and their 
access to the tissue cells, both for sensitisation and for shocking, , 
must consequently depend upon the readiness with wdiich they can 
pass tlirough the -walls of caiiillaries, Avhile in the former both the 
reacting substances are introduced directly into the tissue fluids 
immediately surroundmg the reacting cells. It is quite possible 
that the ease or difficulty with wliich they can pass through the 
capillary -walls — and this in turn may be related to their molecular 
size and shape — may be an important factor in determining the 
acceptability of proteins to the tissue cells in particular animal 
species. For if either the antigen or the antibody reaches the tissue 
fluids only with difficulty, the rate of reaction of the ensuing com- 
bination of antigen ^vit■h antibody, even though it eventually jwoceeds 
. to completion, may be too slow to elicit a recognisable generalised 
anaphylactic reaction, and the protein may consequently be 
classed as “ unacceptable ” to the animal species concerned. 
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The likelihood that a large numher of \cr\ diverse foreign 
proteins arc acceptable to human tissue cells uhen brought into 
intimato contact inth them by direct introduction into the sur- 
rounding tissue fluids Mould seem to be sIiomti bj the longtln 
list of antigens that base been found to be capable of eioking the 
PrauMiitz Kustiier reaction But it is perhaps equally possible 
that o\cn these proteins aro not acceptable to the cells of a nonnal 
nniiiial and onlj become so uhen the tissues have been preiioush 
exposed to the appropnate antibodj as iii the Praiisnitz Kustner 
reaction, mIiicIi then ser\es as an intermediary betMcen the cells 
and the protein, havmg affinities specific for both The reiersed 
reaction, mIiioU largelj eliminates the factor of capillarj perme- 
abditj, might be a useful method for investigating in man the 
acceptabditj or otheruise of particular foreign protems to the 
unsensitised cells of the dermis 

Even supposing a foreign protein to be acceptable to the cells, 
time must elapse before their sensitisation n, complete During 
this interval part of the antigen Mill remain free in the sunouiiding 
tissue fluids and part Mill he fixed to the local cells Hom qmcUj 
the fonner part diminishes and the latter increases is not easv to 
determine, but tbe fact that the intcnsitj of the reiersed reaction 
M itli horse serum docs not reach its maximum for about ten hours 
clearly indicates that the combined processes take place sIomIj 
Tins does not mean, hoMoicr, that the completion of the sensitisation 
of the cells nccessardj takes this length of time It may merelj 
mean that it requires this penod for the removal by capillaries and 
Ijunphatics of any excess of antigen that remains free in the tissue 
spaces after the cells have become saturated and is available to 
combine extracellularlj’ Mith any antibody introduced Such 
combination of antigen and antibodv m the tissue fluids Mould not 
merely fail to add to the intensity of the reaction but m ould probably 
minimise it by neutralising the antibody before it reached the fixed 
antigen to evoke the characteristic response The more rapid rise 
in the intensity of the reversed reaction Mhen the stronger antibody 
solutions were used Mould seem to show that this extracellular 
neutralisation may be lalung place on a relativ clj large scale m lien 
the time interval between the two mjections is short A compaiable 
time interval betueen the injection of human antiserum and 
antigen (horse dander) was found necessary' by Coca and Grove 
(1925) to secure a maximal Prausnitz Kustner reaction and it is 
possible that the progiessivelj decreasing ratio of free to fixed 
antibody — and therefore the decreasing proportion of extracellular 
neutralisation of antigen — ^may provide a similar explanation for 
their observation 

The explanation of the difierence m seventy of the response 
between the reversed reaction and the Prausnitz Kustner reaction 
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probably lies in differences in the effective concentrations of antigen 
and antibody present in the injected area of skin at the time the two 
reactions take place. Anj'- protein, homologous or heterologous, will 
escape from the injection area, largely through blood and lymph 
capillaries, so that its concentration round the point of injection 
progressively falls. If the injection of a foreign protein be made 
into an imsensitised animal the rate of escape will be more rapid 
than in a sensitised one, so that the concentration may soon fall 
well below that initially present. Since, as Tuft and RamsdeU 
(1929) found, the precipitin titre of human sera capable of 
transferring passive sensitivity to horse serum is often low or 
even undetectable, it seems quite likely that in both types of 
reaction stndied in the present paper the concentration of antigen 
used, as judged by immmiological equivalents, will be greater than 
that of antibodj’^, irrespective of whether it be injected first or 
second. In their study of the passive transfer of sensitivity follow- 
ing serum sickness. Tuft and Ramsdell found that positive Prausnitz- 
Kvistner reactions could be produced with as little as one-fiftieth 
of the quantity of horse serum used in our present experiments. 
Consequently, were the antigenic protein to be given 24 hours’ start - 
to escape from the site of injection, enough of it Avould probably 
still remain to react to the maximal degree with the amount of 
antibody introduced later. Were the antibody to be injected first, 
the opportunity that the interval would give for its escape would 
materially lower its concentration in the area later injected vdth 
antigen. If this suggestion be correct — ^that the local antibody 
concentration at the time of its neutralisation is the factor determining 
the severity of the response — ^the order of injection of the antigen 
and antibody would affect the comparative severity of the two 
tj^pes of reaction in the manner found in these experiments. 

This relative^ greater sensitivity of the reversed passive 
sensitisation reaction when the interval between the injections of 
the two reacting serum solutions was only 24 hours might well 
tend in the direction of lesser sensitivity if the period were extended. 
For if several daj^s were to elapse between the two injections, 
actively formed antibodies against the horse serum might begm to 
appear in the circulation and diffuse into the tissue fluids of the 
sensitised area, to combine there with the residue of the antigen. 
In their studies on the sequence of a series of reactions in human 
skin after injection vdth horse serum, KeUett and Wright (1930) 
suggested that the neutralisation of antigen in non-sensitive subjects 
probably begins after several days, and depends upon the appearance 
after that interval of actively produced antibodies to the foreign 
serum. But in the mterval before this specific neutralisation 
begins, the disappearance of the horse serum proteins fi'om the 
injected site would merely take place by diffusion into the sur- 
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rouiuiing tissue fluids sml rcint>\.»l bj the biood and Ij mph streams, 
and enough a\ou!d remain loeaily to react iiith the appropriate 
untdiodies shouiii tiipi be injctteil info tlie sensitised area and so 
[trociui.0 a \ Bible entlieinatoas response 

bl'MM nil 

} A local skin reaction has been piodiicccl in iiumim subjects 
bj, the injection of scrum from a person sensitne to iioi’se scrum 
into n skin area prciionsK injected with horse serum 

d The reaction uas not |irothitcd uhen serum from persons not 
sensitise So horse senini uns injected into simikirlj prepared areas 

3 The reaction could bo jiroduccd eien after considerable 
ihUitioii of the human antiserum used one antiseiuni gnmg definite 
results 111 a dilution of I Cii 

4 A reaction could be obtained uhen the antotrum was 
injected half an hour afici she liorso sennn but a masimai response 
did not doveloji unless an nitenal of scieiat hours had elajoed 

b Comparison under similar conditions uith the Praiisnit? 
Kustner reaction for hoise serum shoued that the jiresent reaction 
is more seiwitne 

6 possible explanation for this increased sensitmti Js 
(iBCllSsCd 
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THE ADHESEEEESS OF BLOOD PLATELETS IN 
NORILAL SUBJECTS IVITH VARYING CON- 
CENTRATIONS OF ANTI-COAGULANTS 

Helen Payling Wright, Gillson Scholar 

From the Department of Pathologif, Guy's Hospital yiedkal School 

The mechanism of thrombus formation was first studied by Zahn 
(1875), who obseired that collections of white cells accumulate 
on the wall of a blood vessel at a point of injury, or on the surface 
of a foreign bod 3 - exposed to circulating blood. The imjiortant 
part plaj’ed hy jjlatelets in the formation of such tlirombi was first 
recognised b^’ Haj-em (1878) in the course of liis pioneer work on 
these blood elements. In 1886 Eberth and Sclummelbusch. repeating 
some earlier work b\’ Bizzozero (1882), showed that white tlirombi 
were formed hy the adhesion of both white cells and platelets to 
the damaged vessel wall at a site of injury*, and ascribed the 
aggregation of the platelets to a “ viscous metamorphosis ” of 
these elements. Tliis viscous or adhesive property of platelets 
^vas further discussed b}' Osier (1886) who pointed out (p. 378) 
that their " tendency to adhere to foreign particles is ver^' notice- 
able The processes involved in the formation of white tlirombi 
by the laying do^vn of platelets under various conditions have more 
recently been studied hy Shionoya (1927) and Ro^-ntree and 
Sliionoj’a (1927), and b^* Best and his co-workers (1938-39, 1939). 

From this earl\* work it is apparent that the adhesiveness of 
platelets has long been recognised as one of their more obvious 
characteristics, yet no attempt has so far been made to stud^- the 
property in am* quantitative manner. On the other hand for 
leucocytes, which exhibit the same projiert^', methods have been 
devised for measuring the stickiness b\’ Fenn (1922-23) and 
Ebergen^d (1934). ^lention of stickiness of both leucocytes and 
platelets, though inthout an^- direct attempt to measine the 
property, has also been made by Abramson (1928) in liis reports on 
the cataphoresis of blood cells. 

The present studj’ records measurements of the adliesive 
properties of platelets in the presence of varjdng concentrations 
of certain anti-coagulants. The assumption made bj* Baar and 
Szekel}' (1929), JlacKaj’ (1930-31), Olef (1936-37), and Leo and 
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Erickson (1938-39) that platelets disintegrate in the blood is also 
discussed, and it is suggested that their apparent disappearance is 
due to their removal by adhesion to the glass walls of any vessel 
in which the sample is placed. 

Method 

To prevent the clotting of the blood several anti-coagulants were used 
in various concentrations : heparin, 0-05, 0-20 and 0-80 mg. per c.c. ; 
potassium oxalate, O-oS, 2-32 and 4-64 mg. per c.c. ; chlorazol blue, T2, 
4-8 and 9-6 mg. per c.c. ; and chlorazol pink, O-S, 1-2 and 2-4 mg. per c.c. 

In everj' case it was desired to use the minimal amount that would prevent / 
clotting, and to compare the extent of the removal of the platelets from this 
and other samples containing multiples of this minimal amount. Solutions 
of suitable strength of each anti-coagulant were made up and the above 
quantities measured into uaxed beakers and dried at 37° C. 

The subjects were nurses and male medical students. All were healthy 
and had red cell counts witiiin the limits of the normal as determined by 

SECTION AT AB 

Fig. 1. — ^Elevation and cross section of tube used. Stippled circle is the ground 
glass surface to which the cover-slip is luted by vaseline. The blood circulates 
on a track enclosed by the dotted lines. 

Price-Jones et ul. (1935). Venous blood was witlidrawn into an all-glass 
syringe thinly smeared throughout with liquid paraffin. Five c.c. of the 
blood were immediatelj^ transferred to each of the waxed beakers and 
agitated to ensure complete mixing with the anti-coagulant. Within 5 mins., 

2 c.c. from each sample were transferred to a special glass tube with a central 
bulb whose sides had been carefully ground away to form open windows in 
two places about 1-5 cm. in diameter (fig. 1). These windows were closed 
by cover-glasses kept in place by vaseline. The internal edges of these 
wdndows were ground to a sharp edge to minimise any internal “ shoulder ” 
between the bulb and the cover-glass at which small quantities of blood might 
stagnate. As a control, 2 c.c. of blood containing the least concentration 
of anti-coagulant were placed in a similar tube treated with melted vaseline 
and drained. All tubes were rotated at 31 r.p.m. on a motor-driven wheel 
so that the blood was constantly passing over a known area of glass (about 
33 sq. cm.) at a steady rate. 

Everj' twenty minutes platelet counts were made on samples withdrawn 
from each tube. These were expressed as percentages of the initial count. 

At the end of 80 mins, the cover-glass windows were removed, dried and 
stained by Leishman’s method. 
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Al\ platelet counts ^^e^G nwlo b\ the direct wet method, the whole field 
of a Burckor clinmber being counted This method was chosen as being 
tho most suitable after con-'idemblo trial of both wet and di'j, direct and 
indirect method^ since results were consistent and the speed of counting — a 
necesjvit\ m tins work — ^wns greater than with indirect counts ReesEcker 
diluting fiind, ad\ocated b\ locantms (1937) but modified b^ the addition 
of 2 jier cent fonnahn instead of 0 2 x>cr cent m onlei to fix the platelets 
immedmtel> on their coming into contact with tho fluid, was ined In order 
to prevent the adhesion of tl o platelets to the drj stem of the pipette tho 
dihitmg fluid was first dmwn up to the 0 5 mark and the blood then drawn 
into this up to the 1 0 maik All technique was standardised as far as 
possible, the blood with each concentration of anti coagulant being counted 
with tho same pipette throughout and m the same counting cell 

Variations within the limits of normal of the initial platelet counts weie 
ignoretl because the percentage ntimbei removed at 20 minute intervals 
from a given sample of blood was calculated on the initial count of that 
sample Variations caused bv stimuli such as exereisc temperature, posture 
etc noted bv Maclvaj (1930 31), Steiner and Gunn (1931), Beecher (1935 3G) 
and Leo and Frickson (193S 39), would not mflnence the results of tho 
pTe-«ent investigation \U subjects were about their normal hospital duties 
, Pohlos (1939) observation that platelet comils m women fluctuate during 
tho menstrual cvelo imde it deairable to reconl the findings m 10 normal 
women separately from those of the men Samples were taken from women 
at all Stages of the cycle, but though the initial counts varied according to 
Pollies observations, no significant effect on the stickincss of the platelets 
vros detected and the aveiage findings in the 10 females closely resembled 
those of the males (fig 2) 


ResxtUs 

All the subjects investigated had red cell counts between 4 87 
and 5 72 million per c mm and were regarded as being normal 
The mean of the platelet counts, with its standard eiTor, w as 323± 18 
thousand per c mm All counts fell withm twice the standard 
deviation from the mean 

The anti coagulant substances used jirevented clotting of all 
blood samples of which data are recorded, but difficulty was often, 
experienced with the clilorazol dye& With both chlorazol fast pmk 
B K S and chlorazol sky bine F F a tinn film of coagulum formed 
on the surface of the glass when the concentrations recommended 
by Huggett and Silnian (1932) were used Higher concentrations 
(1 5 times the former figure) were therefore adopted but even 
•then a deposit often formed and rendered the counting of platelets 
impossible This deposit appeared to be amorphous and contained 
neither platelets nor red cells By carrying out many experiments, 
howexer, and excludmg all those lu which deposits were formed, 
it was possible to procure three (one with chlorazol pmk and two 
with cliloiazol blue) which were suitable foi comparison with the 
other anti coagulants used 

The av'erage lates of fall of the platelet counts in the blood 
samples in the rotating tubes, expres'^ed as percentages of the initial 
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counts, are set out in figs. 2 and 3. . By difference, this shows the 
average i^ercentage of platelets removed from the blood in every 
twenty-minute period of the experiment and the corresponding 
figures for the vaselined control tubes. 

Similar results were obtained with each of the anti-coagulants 
used. In all cases there was a progressive fall in the platelet content 
of the blood along curves of logarithmic type and the rate of fall 
was dependent upon the concentration of the anti-coagulant. With 



Fig. 2. — Decrease in platelets expressed as percentage of initial counts. Average 
of 10 cases. 

Curve C = control. 

„ 1 = lowest concentration anti-coagulant. 

„ 2 = intermediate concentratiom 

„ 3 = highest concentration. 

minimal concentrations, t'.e. with just sufficient anti-coagulant to 
prevent clotting, the final average counts (curtys 1) after 80 minutes 
were between 22 and 28 per cent, of the initial counts. With the 
highest concentrations (curves 3), however, the variations in the 
rate of fall with the three anti-coagulants were more marked.. 
With heparin (16 times the minimal concentration) the final 
average count after 80 minutes was about 43 per cent., wliile with 
sodium oxalate (8 times the minimal concentration) it was only 
about 58 per cent, of the initial counts. With the clilorazol dyes the 
counts dropped at an intermediate rate. When 4 tunes the minimal 






ADHESIVCNESS OF BLOOD PL iTELETS 


259 


concentration of anti coagulant ^\as used (curves 2) the rate of fall 
in all cases vas intermediate between those found for the highest 
and lowest concentiations /-It apjiears, therefore, that the greater 
the concentration of the anti coagulant the less the stickiness of the 
platelets and that tins inverse relationship is present irrespective 
of the anti-coaguhnt used In all the control tubes the results were 
approviinately the same, the diminution in platelet counts being 
veiy much less m all cases (curves C) 

The adhesion of the jilatelets to the glass was demonstrated by 
staimng the coier glass windows at tlie end of eacli experiment 



Fio 3 — Deciea'^o ui platelets expressed ns percentage of uiitinl counta Oxftlate, 
a\crngo of 10 cases Chloiazol dyes, axemge of 3 cnaes Curves n^ in fic 1 

Large plaques of platelets were present all over the wmdow wath 
mimmal concentrations of anti coagulant These plaques consisted 
of uncountable numbers of platelets stuck together in several layers, 
so that often they occupied the entire field of the oil immersion lens 
With the highest concentrations of anti coagulant plaque formation 
wa« less marked, the platelets tending to lie singly as though 
adlierent to the glass rather than to each othei 

It was not possible to stain the windows of the control tubes, 
but, as the counts diminished by so little during the experimental 
period, it ma}^ be assumed that comparatively few had adhered to 
the vasehned surface 
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Dismission 

Most AV'orkers aa'Iio have counted the platelets at varying intervals 
in drawn blood have found that their number progressively decreases. 
Baar and Szekely (1929), aa’Iio made some of the earliest observations 
on their chsappearance, kept samples of blood in hsematocytometer 
pipettes and made counts at inter^^als from 20 to 80 hours. They 
assumed that the fall in number was due to disintegration, but they 
failed to examine the internal surfaces of their pipettes for the 
presence of the missing platelets. The same criticism may be 
directed against the work of MacKay (1930-31). Olef (1934-35, 
1936-37), Tocantins (1937, 1938). Walker and Sweeney (1939-40) 
and Lee and Erickson (1938-39), Avho also failed to examine the 
v^alls of tlieir containers, although it is a well-established observation 
that platelets adhere readil}'^ to glass. 

Ferguson (1934), using dark ground illumination, studied the 
sequence of changes in platelets in contact Avith glass surfaces. He 
described the folloAving changes, AA'hieh take many hours for their 
completion ; (1) SAA'elling, (2) adherence to glass, (3) “ spreader 
forms ”, (4) formation of processes, (5) bursting of processes, 
(6) final loss of cell outline. He also noted that this sequence took 
])laee more sIoAA'ly in citrated blood. He specifically stated that 
the terms “ disintegrative ” and “ necrobiotic ” AA^ere inappropriate. 

The type of chamber used in the present study AA-as designed 
to enable the AA'all of the glass vessel to be readily examined at the 
end of the experiment. Tliroughout tliis period the cover-glass 
AA-indoAA's Avere in contact AA'ith the blood to the same extent as other 
parts of the Avail and the presence upon them of enormous numbers 
of platelets proves that much of the reduction in the counts results 
from the adhesion of these cells to the glass AA'all. Thus the vicAv 
that the fall in numbers is due to disintegration must be modified. 
The slight fall in platelet counts in the control tubes may be due to 
a small proportion being disintegrated, but as no method of staining 
the AvindoAvs of these tubes was found, it is quite possible that a 
part or even the AA'hole of tliis small percentage may hav’e adhered 
to irregularities in the A’^aselined surface. 

A further reason for rejecting the Aneiv that extensive platelet 
disintegration takes place in vitro is that the large quantities of 
thrombokinase thus liberated AA'ould, in those samples containing 
the minimal quantities of heparin or chlorazol djes, exceed the 
capacity of the anti-coagulant to preA^ent clotting. Ko such 
clotting was observed in these samples. 

The mode of action of the anti-coagulant, AA'hether anti- 
prothrombin or anti-calcium, appears to have little effect upon the 
rate of removal of the platelets. The percentage remoimd is 
dependent rather upon the" concentration of the anti-caagulant 
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than iij)Ou its mode of action It seems Idvely, theiefore tliat tlie 
degree of stickiness of the platelets is affected directl} by the 
failure of the chemical changes incipient m clotting This finding 
IS of mteiest m the light of the suggestion made by Chargaif et al 
(1936) and of Best’s (1938-39, 1939) subsequent work on thiombus 
formation These authors believe that heparin or a lieparin like 
substance occurs in the general circulation and acts as an anti- 
prothroinbm, neutrahsed b^* thrombokmase It is probable, there- 
fore, that if heparin acts directly upon thrombokmase it Mill ojierate 
least successfully at the surface of the platelets Mhere tins substance 


is released and is in the lughest concentration 

In studying the effect of heparin on thrombosis Shionoj^a (1927) 
and later Best (1938-39) and Best and Campbell (1938) found that 
M itli higher concentrations of this anti coagulant thrombus forma 
tion Mas retarded though not entirely prevented Further Mork by 
Best et al (1938, ji 28) slioMed that this was true onlj of rabbit’s 
blood and suggested that rabbit platelets are either “ more easily 
destrojed ” or “ liberate a moie poMerful ‘ adhesive agent ” than 
those of dogs, cats and monkej^s In this respect human platelets 
may resemble those of the rabbit 

The similar retardation in the adhesion of platelets to the Malls 
of the glass containers m the presence of oxalate may be due to a 
failure in fibrin formation folloMing precipitation of the ionised 
calcium The degree to Minch this nmj be checked maj depend 
on the amount of oxalate jnesent, up to a maximum Mhen all the 


calcium 18 precipitated 

The stickiness of platelets may be due to the formation on their 
surface of a thin film of fibrin (Shionoya) and should this bo the 
case if* explains the variations observed Mifch the different con- 
centrations of anti coagulant Tims in blood samples hav mg a high 
concentration of anti coagulant any thrombokmase liberated fiom 
the jilatelet siu^face is relatively ineffective in forming fibrin either 
because of direct neutralisation in the presence of heparin and the 
chlorazol dyes or of the absence of calcium ions in the jiresence 
of oxalate With minimal concentrations of anti coagulant this 
neutralisation may be incomplete, so that the presence of a thin 
film of fibrin renders the platelets sticky Furthei Moik noM 
proceeding on patliological and jicst operative conditions mav help 
to throM more light upon the source of tlie adhesive jiroperty 
lof platelets 
1 


1. A method of measuring the adhesiveness of platelets is 


described 


2 The eflects on the stickiness of platelets of the anti-coagulants 
heparin, sodium oxalate and two chloiazol dyes in various con- 
centratwns have been measured 
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3. The greater the concentration of these anti-coagulants, the 
less is the stickiness of the platelets. 

4. The progressive fall in platelet counts of blood in vitro is 
sliorni to be mainly if not entirely due to their adhesioja to the 
glass 'svaUs of the container. 
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OIAXT-OELL CHRONIC ARTERITIS 

J R Gilmouk 

h rom S/ imlrcn « E llospilaU BiHcncay 

X\ II \M> xvni) 

Four ca^es arc de'^tnbcd of a rare and not generally recognised 
form of artcntis m Inch affects tlie aorta the branches of the aortic 
arch and tlioir branches, and possibly otlicr artenes 

Case 1 
Cltnicat htstortf 

riic jiatioHt, a womnn of 21, Imd Imd diphlliona at 3 and acute articular 
rheumati'jm at 17 bix montli-* before death *,he developed att^ck.■^ of 
giddme>3 and hot sweats, In>ting about 10 mmutc-> and occumne two or 
three times n dnv cverj tlirec vreck.H ju>.t Ixiforc 01 ju-st after a period 
Eicht weeks before death a lump m the neck ua.s noticed vlnch became 
larger Fno weeks before death aho Ind pain m the nglit ami beginning 
in llie shoulder and sprcadmc down to the hand, tlio arm becoming numb 
nntl weak On two weeks before death, «he was pale and Hlightlj 

waited Tliere was slight pitting oedema of tlie anklcv A few slightlj 
enlarged cen ical hmph gland-* were present on both <i(les, one of which, 
from the right side, Biiowe<l milmrx tulierculosis \ lump c 14^ I m in 
the right supraclavicular fovsa, puhated with tho cardiac s\ stole and tliere 
was ft sjstohc thnll on its outer side Tlie apex beat was forcible and liilf 
an inch outside the mid elnv icular line m the fifth intercostal space A 
loud svstohe murmur replaced the first sound at the aortic area and was 
conducted into the neck townrtls the supraclflviciilar lump Porcible puKa 
tion was pre ent in the suprastcrml notch nnfl over the abdominal aorta 
and femoral artenea The pul*^ rate was 02 The right radial nrterv was 
tortuous and its pulse i-eculai, Jiard and of small volume Tlie left radial 
puUe was almost imperceptible The blood pre sure (xicbt arm) was 
lGO/130 mm Hg on one occasion, and 220/130 on another In radiographs 
the aorta, trachea and cesophagus were displaced to the left and a shadow 
was present over the aj>e\ of the right lung The left pupil was larger than 
the nght Thera wit* weakness of ftH movements of the nght arm and 
analgesia over the distribution of the first nght thoracic nerve There was 
/ nopvrexia She had a sudden h emoptv sis of about 5 o? of bnght red frothy 
blood and died shortly afterwanls 

Post mortem findings 

Summary of necropsy Chrome arteritis of aorta and branches 
of its arch Rupture of aneurysm of nght subclavian artery into 
pleural canty and lung Cardiac hypertrophy (hyperpiesm) 
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Miliary tuberculosis of upper cervical lymph glands. Negative 
Wassermann, Kahn and Lauglilen reactions upon post-mortem 
blood. 

Macroscopic appearances. Left ventricle moderately hyper- 
tro])hied. Distal half of aortic arch and descending thoracic and 
abdominal aorta very slightly dilated (up to 7 cm. in chcumference) 
and thickened (0-4 cm. thick), their walls wliite, librotic and 
inelastic. These parts showed abnormallj' severe atheroma and 
much longitudinal wrinkling of intima. There were two saccular 
aneurysms (1 cm. in diameter) on the distal half of the arch. 
Abdominal aorta adherent to lumbar spine. Great narrowing of 
lumen by white intimal thickening in a 3 cm. segment of left 
subclavian artery, beginning 0-5 cm. beyond its origin. Proximal 
4 cm. of right subclavian dilated to 4-5 cm. in circumference ; 
wall thickened and rigid and showing severe atheroma. Immediately 
distal to this there Avas an aneurysm (6x5 cm.) which communicated 
with the artery by an orifice 10x3 mm. WaU of aneurysm up to 
1-5 cm. thick, the outer part fibrous, the inner blood clot. Aneurysm 
situated -beliind the right clavicle ; the upper border of the first rib 
projected into it. Its lower part rvas ruptured (1-5 X 0-5 cm.) into 
the pleural cavity. Walls of upper 1 cm. of right common carotid 
artery and lower 1 cm. of right internal carotid thickened, librotic 
and' rigid and showing much atheroma. Orifice and proximal 

0- 5 cm. of right external carotid artery occluded by Avhite intimal 
tliickening. Lower 1 cm. of left internal carotid artery and upper 

1- 5 cm. of left common carotid shoived similar changes. Lumen 
of beginning of left external carotid greatly stenosed (down to 2 mm. 
in diameter) by white intimal thickening. Remainder of common, 
internal and external carotid arteries, ascending aorta, proximal 
half of aortic arch and pulmonary arteries normal. 

Clotted and fluid blood (li pints) in right pleural cavity. 
Rupture (2-5 cm. long) in visceral pleura of upper lobe of right lung 
opposite rupture of aneurysm. Lung tissue beneath ruptured up 
to 3 cm. deep. Extensive solid hsemorrhage in right upper lobe 
around rupture and numerous small peribroncliial haemorrhages 
tliroughout remainder of lungs. Subpleural haematoma (7x5 cm.) 
in anterior part of right upper lobe. Left pleural cavity largely 
obliterated by fibrous adhesions. Body well nourished and condition 
of teeth good. 

Microscojnc appearances. In the abdominal and descending 
thoracic aorta muscle fibres and internal and external elastic lamellae 
were absent from the media. The elastic fibres rvere usually well 
preserved but some Avere SAvoUen or fragmented. In an area near one 
end of the section of the abdominal aorta the media Avas up to 812 p 
thick and the elastic fibres AA'ere Avidety separated by proliferated 
fibroblasts, a little collagen and a feAV lymphocytes, plasmacytoid 
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In a few areas in the stenosed segment of the left subclavian artery 
the media was slightly thinned and the internal elastic lamella and 
muscle fibres were absent so that the elastic fibres had collapsed 
together. In such abnormal areas a few vessels surrounded by 
fibrous tissue disorganised tlie elastic. In one place there were a 
few lymphocytes. The adventitia showed slight fibrous thickening 
and infiltrating lymphocytes. The intima was greatly thickened 
so that the lumen was reduced to a small slit. It contained 
numerous muscle fibres and delicate elastic fibres and was fibrotic 
in places. A new internal elastic lamella had been formed around 
the lumen, but it was separated from the endothelium by a layer 
of muscle fibres and delicate elastic and collagen fibres. 

The beginning of the right external carotid artery showed a 
normal media except for slight fibrosis and slight focal loss of elastic 
from the outer part. The lumen, however, was occluded by a 
great intimal tliickening consisting of very delicate collagen and 
elastic fibres and numerous muscle cells in an oedematous ground 
substance. ' 

Case 2 
Clinical history 

The patient, a woman of 59, suffered from “ influenza ” fi\'e months before 
deatJi and took to bed. A month later .she had almost lecovered but began 
to suffer from severe pain .shooting from the left ear up the left side of the 
head and she had “ noises like an engine ” in the ear. Nine weeks before 
death the pain became woi’se and vomiting occurred and became persistent. 
She again took to bed. A week later .she developed a cough and a rash of 
raised red spots on the body, diagno.sed as measles, which faded in two 
weeks. She lost weight and noticed .sweating of the head. On admission, 
four weeks before death, she w'as pale, thin and sweating. The skin of the 
hands and feet was peeling in large flakes. The few remaining teeth showed 
.severe chronic periodontitis with ranch tartar and pocket formation. Eight 
days before death she developed a flaccid left hemiplegia and passed into a 
coma from which she did not recover. 

Post-mortem findings 

Summary of necropsy. Clu’onic arteritis of intracranial internal 
carotid arteries and aorta. Thrombosis of internal carotid and 
cerebral arteries. Cerebral infarction. Infarct and embolus in 
lung. Scars of healed gastric ulcers. Atrophy of th3Toid. Cal- 
careous nodule in bronchial gland. 

Macroscopic appearances. Tough j^ellowish-wliite thickening of 
wall and great reduction of lumen of a 7 mm. segment of each 
internal carotid artery begiiming at upper end of intra-osseous part 
and ending at bifurcation. Lumen in these segments occluded by 
thrombus. Left middle cerebral artery and small cerebral arteries 
on convexity of brain also occluded by thrombus. Intima of 
ascending aorta and arch showed slight gelatinous thickening. 
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ConsicloKible amount of atheroma in aorta, bat 
excessive for age. Wliite matter of brain friable sai ••rss: 
grey matter had a diffuse pink colour,^ Inhirct mloaerVA 
lung and a small thrombotic embolus in an arterj in 
right lung. Small calcareous nodule in a btonebial jfci 
diffusely conge.sted. Great fibrotic atrophy of tliTO:i s-;-;: 

Two scars of healed gastric ulcers. Body considerably wr.v;-. 

Microscopic appearances. The ascending and desarAiy i w 
and abdominal aorta showed absence of the internal elarti^ k-i. 
and %'ory slight fibro.sis in places in the media, which wa; 
thinned in one place. These were probably changa c: rirui 
medial degeneration. There was patchy infiltration of tb s-b 
with lymphocytes and a few plasma cells, most marked 
abdominal aorta and least in the ascending thoracic (fig. C-; b 
the latter tliere aveie afso a few neutrophil leucocytes. Thecfi--.- 
tion was most marked in or limited to tho middle of the inMa. i-. 
infiltrated areas tlie muscle fibres had disappeared and fhetk,-> 
fibres bad become widely separated. Where tiie infiltrator, ir;, • 
most marked there were a fow capillaries and a few pro!bn.-.ta 
fibroblasts with, in the abdominal aorta, a little collagen fonav,- r, 
Tho adventitia sliowed fibrosis and slight thickening and tb; 
wore Ijmiphocytos and a fow plasma cells around the ves,«eU. tri 
intima was considerably tiiickencd. In the ascending thoR.;; 
aorta it consisted of numerous muscle cells, some of width Wft 
hypertrophied, a scanty amount of collagen, an abundant mwip, 
cedematous matri.x and no elastic. In the other arteries tbe ecj,.! 
part of the intima was very fibrotic and contained n 
number of elastic but few muscle fibres, while in the inner 
there were numerous muscle fibres but no fibrosis or elastic. Juy-^ 
ascending thoracic aorta there were a few lymphocytes and phnit 
colls in places in the outer part of tho intima (fig. 3), 

Eoctions stained with .Scharinch R allowed a vciy little 
cellular gramtiar fat in tho intima of the ascending and desrend®^ ' 
thoracic aorta and much in tlic abdominal aorta, but tic 
nthoromatoHs dopo-sits, IN'o giant cells were seen in these artcriG. 

In tlie thickened segments of tho internal carotid arferie, 
internal elastic lamella was crenated, fragmented and foean,. 
absent or calcified. Tliis change was probably due to ehi»aj, 
medial degeneration. Tiie media showed marked loss or cowpfcj' 
absence of muscle fibres, with replacement by a very 
granulation tissue consisting of a few fibroblasts and eapiliarj^j;^ 
a very little coU.neeii. It was don-scly infiltrated with lynipS^jj^ 
and a fow plasma cell and imiltimicicar giant cells (fig. 
giant cells were UbUally of foreign body type hut one 
L.anghans tyiie. .Most were .situated near the internal' 
lamella and' two enclosed fragments of cl.astie. Tlie 
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showed fibrous thickening and foe; 
and plasma cells. The outer part - 
was fibrotic and contained a litt 
lymphocytes and plasma cells. Tin 
with very little collagen and no elas\ 

The lumen was occupied by thrombu 
artery near its junction with the circle < 
about half the circumference, showed } 
the media, slight fibrosis of the ad 
tliickening (fig. 5). There were a fev 
cells in the media and adjacent intii. 
segment. The lumen was occupied by tl 

Case 3 
Clinical histon/ 

The patient, a man of 63, had suffered from 
before -death and since then liad had occipital l 
creasing weakness, loss of weight and mental inert 
death he developed pain in the back of the neck g 
when standing, vomiting and vertigo. Thirteen 
developed tinnitus in both ears and foiw weeks lati 
weak and felt dead. Shortlj- aftern-ards vision began 
six weeks before deatli, he was slightlj’- wasted and n 
logical examination showed complete left homonymous 
convergence of both eyes, deviation outwards of tlie rig 
left proptosis, inequality of the pupils, slight left facial 
of the tongue to the right, absence of abdominal reflexe-; 
sense and astereognosis of left hand, loss of joint sense in 
weakness of the grip and abduction of the fingers of the left hi 
reaction negative in blood and cerebrospinal fluid. Ti 
360 mg. per cent, of protem and 650 white cells per mm., vj 
of Ij-mphocytes. Blood pressure normal. Wiile in hospital 
tions occuired. A deep-seated lesion in the right cerebral i 
diagnosed. Thorotrast iras injected into the right internal 
for an arteriogram and the skull trephined for ventrioulograpl 
graphs no thorotrast was seen in the right internal carotid artel 
present in the right external carotid and other cervical arteries, 
died a few daj-s later. 

Post-mortem findings 

Summary of necropsy. Cltronic arteritis of segments < 
cranial internal carotid arteries and left external carotid 
and of tlmee areas in aorta. Thrombosis of internal carotid ai 
Cerebral infarction. Haemorrhages in pons and mid-brain, 
infarcts in anterior lobe of pituitarjn Calcareous nodules in 
lung, paratracheal and lumbar lymph glands and liver. 

Macroscopic appearances. Partly fibrous, partly atheroma 
intimal plaque in anterior sinus of Valsalva ; two similar plac 
in aortic arch. Walls of both internal carotid arteries in neighbr 
hood of anterior clinoid processes pearly white and thickened 
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Plate XVIII 


Gunt-cem, arteritis 



Flo. 4, — Ca?o 2. Right mtomal carotid arterj*. Granulation ti<«suo replacing 
media and containing numerous Ijinphocytos and somo muUmucIoar giant 
colls. Htcraatoxylm and cosin. x250. 



Flo. f». — Crt-o 2. Loft mtornal carotid nrieiy near circle of tVillw. I^rgo plaque 
of great inliuial hypertrophy overlying area of infiainmation in media and 
adventitia. XhroinlKnw occhuiuig liunen. WeigertV iron lircniatoxylin, 
Hartw elastic stain and ronccau S-pierie acid mixture, y 20-5. 
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to J 5 jnm , liiiiima greatly narrow ed and ottupied b^ anfc> 
mortem thrombus Tlirombus otcluded right internal carotid 
arter}’ m iteoK and its caiernotts iiortioii Ruptnie of mtmia and a 
little ante mortem tlirombus m nght common carotid artery near 
Its bifurcation at site of temporary ligature duimg mjoction of 
thorotrast I^umeious areas of liamioirhage throughout jions and 
mid brain Area 2 cm m diameter of infarction of mesnl asjiett 
of right occipital lobe Calcareous nodules m middle lobe of right 
lung, m gland neai bifurcation of trachea and m In or and two m 
lumbar Ijniph glands Fibrous adhesions obliterated right pleural 
ca\ it,\ Sear of healed uleci m duodenum Xo teeth present 

ilicroicopic appearances The thiehencd paits of the inira. 
cranial internal carotid arteries showed identical changes to those 
m case i In one place the inflammation m the media was seen 
to extend into the adientitia through a defect m the external 
elastic lamella The caiernous parts of the internal carotid arteries 
just jiroximal to their tiuckened segments showed swelling and 
calcification of the internal elastic lamella atrojiln of the media 
duo to loss of some muscle cells and moderate mtimal Inpertrophj 
— changes of chronic media! degeneration Tlic hiinen of the right 
artcij was occluded b\ thrombus In two sections of reritcal pan 
of right internal carotid ar/cnj and one of left tliere was thromc 
medial degeneration with mtima! hypertrophy and no etidence of 
chrome inflammation Right internal carotid thrombosed and m 
one seetioii taken at nie of mgection of the tliemtrsst tlicie mis 
n nipturo through approximately the inner half of the lijpor 
tropliicd Ultima from this blood dissected the intmia for about 
half its circumference The rupture of tlie mtmia was probnbK 
-the result of the injection Tho accumulation of blood in the 
dissected mtima caused considerable stenosis of tiio lumen Tins 
would account for tho tlirombosis of the right internal carotiil 
nrter\ since there would hare been a column of still blood between 
the thickened segment of the intracranial portion and the site of 
injection m the cervical portion Tiie thrombus was of the red 
non-lammatcd tjijo as occurs m still blood The adventitia and 
tissue surrounding tho cervical portion of the right internal earotic! 
artery sliovved cedema, In’inorrhago and infiltiation with largo 
tnimliors of macrophages containing thorotrast There was a little 
necrosis of tho aficctcd tissue In the right common carotid arterp 
at the site of teiniiorory ligature there was chronic medial 
degeneration and mtiiiinl hypertrophy but no jiiflammatioii 
Media and mtima niptnrecl and media on either side of rupture 
necrosed and In-'inorrhagic In places m tho Irfl external carotid 
artery tho media was complctclv replaced hy inlUmcd granulation 
tissue consisting of many Ivmphoey tcs and plasma cells a few 
muUinuclcvr giant cells, fibrohlasls and cipillanes, and a very little 
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collagen. The internal elastic lamella was absent over these areas 
except for a few calcified fragments. A few of the giant cells were 
of Langhans type, and one other contained a fragment of elastic. 
Adjacent to the inflamed pai-ts of the media the adventitia showed 
slight fibrous thickening and infiltration with lymphocytes and 
plasma cells and the intima was considerably thickened and 
consisted of numerous muscle cells in a mucoid ground substance 
with very scanty collagen and no elastic. The mflammation of the 
media extended in places into the intima for a short distance. At 
the site of the intimal plaque in the aortic shms of Valsalva the 
media in general showed slight atrophy, fibrosis and mucous 
infiltration and absence of the internal elastic lamella — changes of ' 
chronic medial degeneration. In one place the media was greatly 
atrophied and contained a few vessels surrounded by lymphocytes 
and some finely granular isotropic extracellular fat and anisotropic 
intracellular fat. The adventitia showed slight fibrous thickenmg 
and slight jperivascular l5miphocytie infiltration beneath and to 
the side of the area of marked medial atrophy. There was great 
fibrosed and atheromatous intimal thickening over the area of 
great medial atrophy and much less intimal thickeiring elsewhere. 
Similar changes were present at the sites of each of the two intimal 
plaques in the aortic arch. The outer part of the intima in the 
Xilaques . showed slight lymphocytic infiltration. The greatly 
atrophied areas in the media appeared to be focal inflammatory 
lesions which had almost healed by the time of death. The fibrosis 
of the adventitia and the lymphocytic infiltration around vessels 
in the media and adventitia, and in the intima m one place, give the 
chief support for this supposition. The anterior lobe of the pituitary 
showed small areas of infarction. 

Case 4 
Clinical history 

The patient was a woman of 64. Between the ages of 14 and 21 she had 
suffered from an anremia which was treated with iron. During the last 
30 years she had had attacks of indigestion. At 39 she was told that she had 
a floatmg kidney, and at the age of 50 she had an attack of left facial palsy 
which lasted a month. During the last 7 years she had suffered from arthritis 
in the left knee. Twenty -six months before death she developed “ influenza ” 
and since then she had lost weight and suffered from lassitude and weakness. 
Twelve months before death she began to have swelling of the ankles, 
especially at night, and a month later had an attack of abdominal pain 
lasting a week. She w'as admitted eight months before death. A mass the 
size of a tangerine orange was felt in the epigastrium. Bilateral comeal 
opacities, arthritis of left knee, varicose vein-s of legs and oedema of ankles 
were also observed. Blood pressure 210/100 mm. Hg. Urine contained 
one-third volume of albumin. Serum Wassermarm and Kahn reactions 
negative. A blood-count showed erythrocjdes 3,500,000 ; Irx'moglobin 
72 per cent. ; colour index 1 ; white cells 4000 per c.mm., with nerrtrophil 
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IcvicoGjtea 19, small Ijmpliocjtcs GO, Inrgs 1\ mphocj-tc'. 2S anti lar^ra Inalino 
celK 3 per cent At Inparotonij the abdominal aorta appeared to be ddateil 
Sho was discharge 1 shortK aftemards There had been no p\TC\n Soitii 
aeeks before death she dereloped discomfort m the abdomen \nctnal 
bleeding ami frequenet of micUmtion A week before death ‘•be was 
re admitted Tlie lower jnrt of tho distended abdomen was tender and the 
thiglis and ahdoraiual wall n ere oedematous Per rectum a mass was palpated 
m tho pouch of Douglas, and on anginal examination n poltp was found 
in tho dilated cen ical canal The urme contained one half a olnme of 
albumin lllood pressuie 130/00 mm Hg A diagnosis of subacute intestinal 
obstruction avas made and at laparotoma the transaersc colon was adherant 
to the under surface of tho old scar a band constricting tho left half of the 
t ransa eise colon at as dia itled After operation tho a olnme of urine dmunislad 
consideiabla and mdema of the legs and arms appeared Death occurred 
three rial’s later 

Post mortem findings 

Simmanj of necropsy Almost lie.aled chronic artentis of aorta, 
innominato and subclaaian, common carotid and common iliac 
artencs Amjloidosis of kidiiejs and spleen Acute enteritis 
CtBtitis Adenomata m utcnis Calcareous nodules in hroncliia! 
and paratraolical Ijmph glands Pleiirn! effusions and widespread 
subcutaneous oedonin 

Macroscopic appearances Biffuso pearly wbito tbickcnmg of 
intima of whole of aorta and innominate nrtcrj and proximal parts 
of subolanati arteries, less marked of common iliac and common 
carotid arteries The walls of those arteries sliowcd reduced 
elasticity ond an ainount of atheroma moderate for this ago Ko 
sign of an anciirjsm of the abdominal aorta Fibrotic nodule 
3 mm in diameter, in upper lobe of left hmg and two m right upper 
lobe Fibrous pleural adhesions oaei ,snterior parts of upper lobes 
of tedematous lungs, and pleural clftisions (1 pint each) Calcsieoiis 
nodulo in a right upper bronchial and a right lower i>aratiachesl 
Ijmph gland Liter congested- Spleen and kidnets tedcniatoiis 
looking, congested, finn and slightlj enlarged White adenoma 
7x3 mm , m the subcapsulnr surface of the right kidiiet Four 
ciidoiiietrial adenomata, largest 2 x 1 cm and an adenoinatoiis 
ccrtical poljp, 15x0 2 cm, m the uterus A few patches of 
menibraiio on mucosa of injected bladder Small iiitestmo ter\ 
friable and osdeniatoiis and mucosa m jilaees opaque and necrotic 
Lumen of appendix obliterated Upper and lower hiiihs lahm and 
lumbar regions t era oedematoiis No teeth present Bodt w asted 
Microscopic appearances In tho descending thoracic and 
abdominal aorta the media was eacrwwliere thinner than noriiial 
and ateraged about 7,70 /i m tluekiiess In mniij irregular 
nnastomosmg areas csiiccialU m tho tcntral pirt, the media was 
interrupted by small acsscis surrounded In coUagcii and a few 
Ijiiipliocj tes and plasma cells Uxtciidmg from these areas into 
the surrounding medu there were exteiisno patches of fibrosis m 
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whicli the elastic fibres were usually well jireserved but the muscle 
fibres usually absent. The adventitia, thickened and fibrotic, 
averaged about 750 /x in thickness. It contained perivascular 
groups of lymphocytes. The intinia was considerably thickened, 
averaging about 1125 p, in thickness. It consisted chiefly of dense 
hyaline collagen. The outermost part contained elastic and 
longitudinal muscle fibres, and in the remainder there were scattered 
circular muscle fibres and no elastic. The collagen of the intima in 
a few small places was impregnated with granular calcium. A small 
area of atheroma was present in one artery — the descending thoracic 
aorta. 

The kidneys showed severe amyloid infiltration, cliiefly in the 
glomeruli, which were ahnost entirely replaced by amyloid deposits. 
In the spleen there was slight diffuse amyloid infiltration of the 
pulp. In the ileum the mucosa was necrosed and infiltrated with 
l^acteria and the submucosa was acutely inflamed. 

Discussion 

There is described in the literature a rare disease called temporal 
arteritis which is undoubtedly similar to the lesion in my cases. 

Tliere have been IS cases reported up to and includinc those of Uowers 
(1940) and Dick and Freeman (1940). The subjects were over the age of 54. 
A few weeks before the appearance of the arteritis there were usually pro- 
dromal symptoms such as headache, fever, night sweats, loss of appetite 
and weakness. The temporal arteries, especially their anterior branches, 
then became inflamed, either both about the same time or one after the other. 
They were enlarged, tortuous and tender and pulsation was usually absent. 
The enlargement was either diffuse or nodular. Tlie pre- or post-auricular 
glands were enlarged in the cases of MacDonald and Jloser (1936-37) anfl 
Bowers. Fever was often absent when the arteritis was present. After 
seveiTtl weeks the arteritis subsided and the patients recovered completely. 
The whole illness lasted not more than six months. Segments of the affected 
arteries were removed in several cases. The lesion described was a chronic 
inflammation which affected the media chiefly and was characterised by 
infiltration with Ijnmphocytes, plasma cells and multinuclear giant cells. 
In the cases of Jennings (1938) and Bowers, neutrophil leucocytes were also 
present. The intima was thickened, leading to great narrowing of the lumen 
which was occupied by thrombus. In Bowers’s case the occij^ital arteries 
were affected besides the temporal. In Jennings’s case there were signs of 
occlusion of the central retinal arteries. In a case of Horton and Magath’s 
(1937) a small branch of the left radial artery was said to be also affected. 

The only examples I found in the literature of an aortitis resembling 
that in my cases were two described by Sproul and Hawthorne (1937). The 
subjects were males aged 50 and 76 : they died from causes other than the 
aortitis, which was not suspected clinically. There was no mention of 
prodromal sj-mptoms. The aorta was not dilated and showed no definite 
abnoi-mality except a loss of elasticity. The media was diffusely infiltrated 
vdth lymphocytes, less numerous plasma cells and multinuclear giant cells 
and, in one case, a few neutrophil leucocytes. Some of the giant cells 
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enclosed fiajmonts of eljj^tic TJie jliac artene-J weie jnvoKed in botli cnse^ 
and thf' catotid aiterie^ m one The me<hal changes appeaitJ to be almost 
identical with those m rnv ca >‘0 2, except that gmnt cells ^\e^o absent fi*om 
the latter 

7>ainard (1935), m a \\omaii of 63 who died of bronchopneumonia, found 
a chronic arteriti'* affecting the coronary arteriC's and tlie cavernous and 
ceivical parts of the internal caiotid artenes He regaule<l the condition as 
tuberculous because of the presence of endothelioid cells, multinuclear giant 
cells and areas of necrosis m the granulation tissue replacing the walls of the 
vessels Tubercle bacilli could not be found m sections nor bj the antiformin 
method It is probable that this was the same tv^pe of aitentis as m mv cases. 

From these feu reported cases and from my own, the essential 
features of the disease may be summaiised as follows All subjects 
have been 50 or more years old, except my case 1, a uoman of 23 
In nearly all cases prodromal symptoms suggesting an infection 
had been observed some ueeks or months before symptoms resulted 
fiom the aitentis In three of my cases influenza had been 
diagnosed TJie disease luas appeared to be self limited, heahug 
after a few ueeks or months The total duration of symptoms has 
been at the most nme months, except in my case 4, m uhich 
2G months elapsed between the onset of prodromal symptoms and 
death from amyloid disease TJio arteritis, however, Jiad subsided 
by the time of death In fatal cases death was either from the 
iiidiiect effects of the arteritis, such as cerebral mfaiction rupture 
of an aneurysm and amyloid disease, or from independent causes 
The disease chiefly affected the aorta, the branches of its arch and 
their branches Tlie arteries affected were as follows temporal 
arteries (18 cases), aorta (6 cases), internal carotid arteries (4 cases), 
common carotid and iliac arteries (3 cases each), subclavian and 
external carotid arteries (2 cases eacli), and innominate, coronaiy 
and occipital arteries (I case each) In one case the central letinal 
arteries were occluded, probably from the disease in more proximal 
vessels, and m another a branch of a radial aitery appeared to be 
involved In subjects with temporal arteritis tiie disease may 
have been present in the aorta and larger branches of its arch 
without producing symptoms In the aorta the inflammation was 
widespread in 5 cases and apparently hmited to three small areas in 
the other In the branches of the aortic arch and their branches, 
the arteritis was usually focal, bilateral and symmetrical Tins was 
well sliowu in the temporal arteries and in 3 of iny cases in tlie 
carotid arteries 

Tfie macroscopic appearances varied according to the size of the 
affected arteries In the aorta in two reported cases the only 
change noticed was loss of elasticity In my case 3 tliree prominent 
fibro atheromatous plaques, in case 2 a gelatinous intimal thickening 
and in case 4 a diffuse white iibious mtimal thickemng and loss of 
elasticity were the only unusual changes in the aorta In case 1, 
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however, the aorta showed slight dilatation, v-ith two small saccular 
aneurysms, marked fibrous thickening, abnormally severe atheroma, 
intimal vTinlding and loss of elasticity. In the large branches of 
the aortic arch in this case similar changes were present, complicated 
in one branch by a false aneurysm. The common iliac, common 
carotid, innominate and subclavian arteries in case 4 showed white 
fibrous intimal thickening similar to that in the aorta. .Smaller 
arteries such as the intracranial, internal carotids and external 
carotids showed white thickening which was cliiefly intimal, and 
great reduction of the lumen, which was usually occupied by 
thrombus. In case 1 one subclavian artery was almost obliterated 
by intimal tliickening while the other was dilated. 

The microscopic, appearances differed in different arteries of the 
same cases and in the same arteries in different cases. The in- 
flarmnation affected chiefly the media. That in the intima and 
adventitia was probably an extension from the media. The 
inflammation in the media appeared to begin as a diffuse infiltration 
with lymphocytes and a few plasma cells and, in a few cases, 
neutrophil leucocytes. In the aorta it was in some cases most 
marked in the central part of the media. Then slight capillary 
invasion, fibroblastic proliferation and collagen formation appeared 
to follow. This was associated in most arteries with the formation 
of multinuclear giant cells in relatively scanty numbers. In the 
aorta the infiltrating cells replaced the muscle cells and vddely 
separated the elastic fibres, while in the muscular arteries such as the 
intracranial part of the internal carotid the infiltrating cells lay 
between such muscle cells as remained or completely replaced the 
media. In one place in the media in case 1 there was a minute 
focus of necrosis of this granulation tissue, as described by Barnard 
in the coronary arteries in his case. In case I the inflammation in 
the media had subsided except in a few small areas. The media 
was thinned from loss of cells and collapse of the elastic fibres ; 
it was composed almost entirely of elastic. Whether or not the 
inflammatory tissue had undergone franlc necrosis before resorption 
could not be decided. In the aorta in case 3 the focal inflammation 
had also subsided, leaving foci of marked medial atrophy. In case 4 
the inflammation had also subsided. There were patches of fibrosis 
replacing the muscle cells and areas where the thinned media was 
interrupted by vessels surrounded by collagen, lymphocytes and 
plasma cells. In the media, except in case 4, whether the 
inflammation was active or liad subsided, there was never more 
than very slight fibrosis. The adventitia over the affected media 
was in all cases thickened, fibrotic and infiltrated focally with 
IjTnphocj'tes and usually also plasma cells. This was very marked 
in case 1, in which there were abo a feAV minute foci of necrosis. 
The intima was always greatly thickened. This thickening Avas 
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essentially a lij^jertrophy, w-itJi secondary clianges due to 
inflammation and degeneration. In early stages the intinial 
hjiiertrophy had an unusual appearance as shomi in the ascending 
aorta in case 2 and the loft external carotid artery in case 3. It 
contained numerous muscle fibres in an abundant mucoid matrix 
and the fibres were not arranged in circular and longitudinal layers. 
Collagen fibres were very scanty and delicate and elastic fibres were 
absent. Similar intimal hypertrophy is frequently seen in inflamed 
arteries in various sites such as gastric ulcer or the gall bladder, 
and it may occur in arteries showing chronic medial degeneration 
when this is accompamed by necrosis of groups of muscle cells in 
the media. Hypertrophy of this type is probably rapidly formed. 
The more common type of intimal hypertrophy, when not 
degenerated, shows an outer layer of longitudinal muscle and 
elastic fibres and an inner circular layer, the two being frequently 
separated by a prominent layer of elastic, the elastic stripe. Hj-per- 
trophy of this type is probably formed gradually. The appearance 
of the hypertropliied intima in my cases appeared to alter soon 
after hypertrophy had occurred. In the outer part of the intima, 
elastic fibres appeared and fibrosis replaced the muscle cells. This 
fibrosis might in part have been due to degeneration, since fibrosis 
is a common degeneration in hypertrophied intimas, but it was 
probably chiefly due to inflammation. Such appearances were 
present in the descending thoracic and abdominal aorta in case 2 
and in the thickened segments of the internal carotid arteries in 
cases 2 and 3. At a later stage the intima became densely fibrotio 
throughout, as shown in tire aorta in cases 1 and 4. Muscle fibres 
were greatly reduced in number and limited to the innermost part 
of the intima in case 1, but in case 4 they were still present in 
moderate numbers in all parts of the mtima despite the marked 
fibrosis. 

The giant cells wliicU have been described were found only in the 
media, except in the internal carotid arteries in case 1, in wliiob a 
few were also present in the intima. They were present in most 
but not all of tlie actively inflamed arteries. A few were of Langhans 
tjqio ; others were of foreign body type but of relatively small size. 
A few contained minute fragments of elastic fibres or were in contact 
u-ith elastic fibres. It is doubtful, however, whether they were 
essentfafiy connoefed with destruction of clastic tissue. 

The most important effects of the arteritis were due to tlurorahosis 
of stenosed vessels. This was seeit in cases 3 and 3, in wliich 
cerebral infarction occurred. Blindness due to blockage of vessels 
proximal to the central retinal arteries has also occurred. Definite 
aneurysm formation occurred in case I only, and rupture of one 
ancurj'sm led to fatal luemorrhage. In case 4 dilatation of the 
abdominal aorta iiad been observed at laparotomy, but no aneurysm 
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•was found at necropsy. It is possible that a moderate diffuse 
dilatation could occur during the active stage of the inflammation 
and disappear during healing, but not a saccular anenrysm. Since 
the inflammation tends to heal, one -ivould expect to find.occasionally 
at necrops}'^ evidence of a previous arteritis in the aorta and else- 
■ndiere. Probablj’^ the effects of old aortitis of the type in question 
have been seen but were regarded as arteriosclerotic or syphilitic; 
If the Wassermann reaction was negative, excessive atheroma, loss 
of elasticity, extensive fibrotic intimal thickening or aneurj'^sm 
formation in the aorta would make one suspect that there had been 
giant-cell chronic arteritis. 

I regard the hyperpiesis present in case 1 as probably an effect 
of the arteritis due to implication of the carotid sinuses. The 
subject (aged 23) was very young to have hyperpiesis in the absence 
of renal disease, and tliis makes one suspect that it was of different 
jetiology from the hyperpiesia common in the middle-aged or old. 
The amyloidosis in case 4 -u-as probably also secondarj’’ to the 
arteritis, since there was no other apparent cause and its distributioil 
differed from that in so-called primary amyloidosis. 

As regards jetiology little can be said. Sjqjhilis had been excluded 
in three of my cases and in most of those in the literature. Tuber- 
culosis may also be excluded. Neither tubercle bacilli nor other 
organisms could be found in sections in my cases or in those in the 
literature. In case 1 there was slight active tuberculosis in the 
cer\’ical glands, and in cases 2, 3 and 4 and in Barnard’s case healed 
tuberculosis was shown by calcareous nodules in the lungs and 
l 3 Tnphatic glands, but the active and healed tuberculosis probably, 
had no relation to the arteritis. The essential histological changes 
are those of inflammation and the prodromal symptoms common^ 
present strongly suggest an infection. Organisms of different lands 
have been isolated from resected segments of temporal arteries 
but were probablj’^ contaminants. Whether or not the disease has 
a different actiologj’^ from the other known tjqjes of arteritis must 
remain in doubt as long as there are tjqies ■«dthout knoAvn causation. 
The histological and clinical features of the disease, however, do 
not resemble those in other types of arteritis, and it is probable 
that the disease is a separate entity. 


SUMIMAKY 

/ 

Four cases are described and a few others have been found- in the 
literature of a httle-loio'wn type of chronic arteritis'. It affects the 
aorta, the branches of its arch and their branches, and possibly 
rarely other arteries. In the branches of the arch and in the internal 
and external carotid arteries its distribution is focal, bilateral and 
symmetrical, while in the aorta it is usualty Avidespread. The 
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inflammation, given time, apparently Iieals, but fatal lesults have 
occurred from rupture of an aneurysm or from thrombosis during the 
stage of active inflammation The cetiology is unlmo-w n Because 
of the presence of multimrclear giant cells in most of the affected 
vessels, I have called the disease giant cell chrome arteiitis 

I ^visli to thank Professor H M 1\imbuU for pcimisbion to publish cases 
2 and 3 from the recojds of the Bcmliard Boron Institute the London 
Hospital, and Dr D Romne\ for clinical <lctaiU of ra e 1 
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THE ROLE OF BfPURITIES AND iHXTURES OF ISOAIERS 
IN THE STAINING OF FAT BY CO'\BIERCIAL SUD-iNS 

W W IvAY and RAyMONT> Whitehead 

From the Department of Pathology, Victoria University of Manchester 

In previous papers on fat '^taias ire have studied sudan HI (ICaj and 
Whitehead, 1934) and given a teclmique for the use of sudan W (Kay and 
Wliitehead, 1935, 1937) , m the present paper we show tliat commercial 
sudans give better fat atainmg than purified sudans owing to strengthenmg 
of the colour of satamed fat by impuntie:> 

The chemical constitution of sudan 111 and sudan IV 

Altliough the value of sudans as fat stains is cnlianced by impurities, the 
strength of the colour unparted to fvt depends aKo on the number of pure 
Sudan dje& present, smee mixtiues of these dyes stain more stionglj than 
the individual dyes alone Sudan III is a smglo substance , sudan IV has 
various isomeric forms, some of which are lil^.ely to be found together m 
commercial products It will be useful at this pomt to mdicate the chemical 
constitution of the vanou.s pure <5udan.s 

Sudan HI is benzene < 1 azo 1> benzene <4 azo 1> naphthol (2) 
It IS prepared from ammo azobenzene and )S naphthol and is repiesented 
bj the formula 


/" 




OH 

\_ 


'\ 

_/ 


Its molting pomt is given as 195® C (Niotzki, 1880, BeiUtcm, 1933) The 
samples v,e prepared by an adaptation of Ruggli and Courtm’s (1932) 
method for sudan IV isomer (1), after crystallisation from benzene, had 
melting points between 199 3® and 206 3® C (tnblo I) and two commercial 
samples after purification melted at 20o 1 206 2® C 

Sudan IV is prepared from ammo azotolueno and p naphthol Ammo 
azotolueno is ordinarily prepired from o and p toluidines , thcoi'eticnllj, 
therefore, sudan IV may exist m four isomcric forms 

2-9 
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(1) toluene- <2 azo 3> - toluene - <6 azo 1 > - naphthol - (2), represented 
by the formula 


/" 

\_ 


CH, 


\n = 


_CH, 

OH 


\n ~ 
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/— 

~\ 


\_ 

-/ 


(2) toluene •< 4 azo 3 > - toluene - < 4 azo 1 >- naphthol - (2), represented 
by the formula 



<■ 

N 


CH, 

~\ 

_/ 


II 

N 

\/\/ 


(3) toluene - <4 azo 3> - toluene - <6 azo 1 >- naphthol - (2), represented 
by the formula 



CH, 


OH 



X 

./ 

\ 

./ 


(4) toluene- <2 azo 3 > - toluene - < 4 azo 1 > - nafihthol - (2), represented 
by the formula 


/ 

\ 




N 



II 

N 

\A/ 


Isomers (3) and (4) are extremely difficult to prepare ; it is unlikely, 
therefore, that they are formed in the ordinary prooeascs of manufacture. 
Isomers (1) and (2) are relatively easy to prepare and are therefore likely 
to be the dyes present in commercial sudan R*. 

Isomer (1) is 2-2'-di-methyl-sudan HI. Zincke and Law.son (1887) gave 
its melting point as 186° C., Ruggli and Courtin as 165-167° C., but Professor 
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Ruggli ftsks u-> to state that tins figure should Ime been given as ISG^C 
Our product, prepared bv the method of Ruggli and Courtin and crystallised 
from benzene, melted at 188 9 189 4° C 

I«omei (2) was prepared by tho method of Zmeke and Lawson who 
gave its melting point as 177® C , a figure confirmed by Ruggli and Courtin 
Our product, crystallised from benzene melted at 177 1 178 1° C 


Material and methods 

Ihe types of dve tested v^ere (o) commercial products (6) purified dyes 
obtained by crystallisation from benzene or alcohol of commercial products 
or products made by iis m the laboratory (c) the benzene or alcohol soluble 
residues after crystallisation of the purified dyes and (d) mi'^tures of purified 
sudans Rabbit adrenals formed the test material The technicpie of 
staining vras that giv en m 1937 for oiir routine Sudan IV Tlie stock solutions 
of (a), (6) and (c) were made by adding 2 g of dye to 1 litre of absolute 
alcohol Tho stock solutions of (d) were mn<le bv adding each ingredient 
in this proportion thus in makmg a stock solution of two samples of sudan 
tho total weight of dye added to a litre of alcohol would be 4 g The stained 
sections were compared on a transilhiminated sheet of opal glass and wore 
also examined microscopically 


Melting points of the xarious dyes and nature 
of the colours they imparted to fat 

Sudan III Table I specifies the sudan III dyts te^sted and the colours 
they imparted to fat It shows that of tho eight purified dyes (B E, H, I, K, 
L, AI, N) all but three (H M, N) melted at 204 7 206 3® C On tho general 

Table I 


Sudan III dyes and their fat staining properties 


Refcret cc 
letter 

Description of dje 

McItinB point 

rc) 

A 

Sudan III an English brand 


B 

C 

D 

A crystallised from benzene 

Benzene soluble residue after making B 

A different batch of A 

20o 6 JOG 1 

E 

F 

G 

D crystallised from benzeno 

Benzene soluble residue after making E 

Sudan III a German brand 

20 > 1 20j 6 

H 

G cxastalhsod from benzene 

187 3 189 3 

I 

Sudan ITT, made by us from ammo azobonzene 
purified by vis the smlan III bemg crystallised 
from benzene 

20 j 3 206 3 

J 

Benzene soluble residue after crystallising I 

163 3 IG4 5 

Tv 

I dissolved in HjSO* and precipitated by being 
poured into HjO 1 regeneration — Ivay and 
\\lutehead 1934) 

204 7 20j 7 

L 

Repetition of I 

204 7 20 j 2 

M 

Sudan III made by us from a sample of ammo 
azobenzene different from that vised to make I 
the Sudan III being crystalhsevl from benzeno 

190 3 201 8 

\ 

Sudan III made by us from ammo azobenzene 
wlucli \ve had prepared from andino and purified 
tho Sudan III being crystallised from benzeno 

199 3 201 8 


Fat wns stained rod orango by G rod by H and orange by oil tho others 
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principle that a higher mellnng point indicdtes greater purity, our figures 
show that the accepted melting point of Sudan III — 195° C. — is at least 9° 
too low and was determined on dyes less pure than ours. Of the three 
purified dj'es with lower melting points, H was entirely anomalous, melting 
12° lower than any of the other dyes mentioned, and 17° lower than the 
purest of them. The melting points of the residues after purifying the dyes 
would be expected to be much lower than those of the purified dj'es ; J, 
for example, melted 42° lower than I, the corresponding purified dj'e. ~ 
Table I also shows that all the dyes except G and H stained fat orange, 
G staining it red-oraiige and H (G purified) red. ■ The melting point and 
colour given by H make it almost indistinguishable from highly purified 
Sudan IV isomer (I) (table II, T). 

Sudan IV. Table II specifies the sudan IV dyes tested and the colours 
they imparted to fat. It shows that purification of our routine Sudan TV 
(0) gave a dye (P) with a melting point intermediate between those of the 

Table II 


Sudan IV dyes and their fat-staining properties 


Ecfcrcncc 

letter 

Deicription of dye 

Melting point 
(“C.) 

0 

Sudan IV, B.D.H. no. 555722, our routine fat dye . 


P 

0 crystallised from benzene ..... 

184-i.i84-7 

Q 

Benzene-soluble residue after making P . 

... 

R 

A different batch of 0 crystallised from alcohol by 
The British Drug Houses Ltd. 

161-6-165-6 


Alcohol-soluble residue obtained by The British 
Drug Houses Ltd. after making R 


T 

Sudan r\^ isomer (1) made by us and purified by 
crystallisation from benzene 

188-9-189-4 

u 

Sudan IV isomer (2) made by us and purified by 
crystallisation from benzene 

m-i-ns-i 

V 

Benzene-soluble residue after crystallising U . 

160-2-164-2 


Fat was stained red-orange by U and V, red by all the others. 


Sudan IV isomers T and U. The pwified dye R obtained from another batch 
of the same brand of sudan IV melted 21° lower than P and was therefore 
less pure. The residue V melted 15° lower than the corresponding purified 
dye (U). 

Table II also shows that all except two of the dyes stained fat red ; the 
exceptions, highly purified sudan IV isomer (2) (U) and the corresponding 
residue (V), stained it red-orange. 

Mixtures of purified sudans. Since, owing to its method of manu- 
facture, commercial sudan TV is likely to contain more than one isomer, it 
was of interest to determine the fat-staining properties of mixtures of purified 
dyes. Of the four possible mixtures of I, T and U, IT and lU stained fat 
red-orange, TU and ITU red or red-orange according to the stock solution 
used. 

Relative strengths of the colours given by the 
various types of dye 

Tlie relative strengths of the colours imparted to fat by the various . 
types of dye were the same for both sudan III and sudan IV . Of the dyes 
listed in tables I and 11, all except L, M, N and T belong to groups of either 
two or three genetically related dyes ; A, for example, was the mother- 
substance of B and C. Tliree of the groups (A, B, C ; D, E, F ; O, P, Q) each 





FAT STAINING WITH SUDANS 


283 


consLst of commorcnl product, purified dje and re-jidue , comparisons T/ithin 
each group showed that the purified dje stained less strongly than the 
commercial product and this less strongU than the residue The remaining 
groups consist of purified djo and residue only (I and Iv, J , R S , U, V) 
or commercial product and purified dje onlj (G, H) , m each of the->e also 
the purified dj c stained less strongly than the residue or commercial product 
Of two purified djes obtained from different batches of Sudan TV, the dje 
shorni bj Its melting pomt to be the purer (P) stamed less stronglj than the 
less pure (R) The strength of the colour imparted to fat is thus increa-sed 
bj the presence of impurities 

Each of the mixtures of purified sudans stamed more strongh than anj 
of it'> ingredients separately , the magmtude of the contribution of pure 
Sudan to the strength of the colour gi\en bj commercial sudan=> raaj thus 
depend on the number of pure sudans in tho dye 

PreJerabU properties of routine fat stains 
As routine fat stains, (i) dyes stainmg red are preferable to thosc staining 
red orange or orange because red contrasts more sharply with the back 
ground of a section (it) dj es staming stronglj are preferable to those staining 
less strongly, and (ui) dyes givmg moderatelj bright colours are preferable 
to those givmg dull or murky colours Of the \arioits djes tested, the onlj 
one pos essmg all these preferable properties was our routme Sudan IV 

Discussion 

The results show that commercial and laboratorj preparations of 
Sudan III and sudan IV can be separated bj crjstallisation from benzene 
or alcohol mto two fractions ono consisting mainlj of pure sudan, the other 
(residue) containing most of the impurities We do not know what percentage 
of pure Sudan was present in the commercial products or residues or even 
in the purified djes but to judge from the melting points our purified djes 
seem to include the purest samples of sudan III and sudan H’’ so far described 
Tlie impurities are by products of iindctermmed nature due to side 
reactions ocoiuring during the process of manufacture, whether on tho 
commercial or laboratorj scale The nature and relative amount of tho 
impuritie'j m the end product will depend on the nature and puritj of the 
intermediates from which the dje is made and on the teclxnique of 
manufacture variations m these factors would explam tJie varnbilitj of 
commercial sudans m composition and fat ^taming properties 

The results show that impurities plaj an important part in strengthening 
the colour imparted to fat bj commercial sudans The results of staining 
with mixture** of purified sudans show that piuo sudan probablj contribute^ 
more to colour strength in our routine sudan IV which t* likclj to contain 
more than one sudan than m commercial sudan III which contams onlj one 
It seems likclv that in mixtures of Midan?* each individual sudan di*v>olves 
mdependentlj of the others and that the total amount of dje available for 
staming is therefore determined bv the number of sudans pre ent Our 
reaiilts suggest that mixtures of commcicia! sudan HI and commercial sudan 
W might give colours even stronger than tho t giv-en bj commercial sudan IV 
alone 

Summary 

1 The fat staining properties of fourteen sudan III dve-, and eight sudan 
IV d j es hav o been studied 

2 Commercial and laboratorv preparations of sudan dje^ were separated 
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by crystallisation from benzene or alcohol into two fractions, one consisting 
mainly of pure snclan, the other (residue) containing most of the impurities. 

3. Higlily purified sudan III melted at 205-3-206-3° C., i.c. some 10° 
higher than the previously accepted figure, and stained fat orange. 

4. Of two highly purified isomemof sudan IV, one, toluene - <2 azo 3> - 
toluene - <6 azo 1 > -naphthol - (2), melted at 189° C. and stained fat red ; 
the other, toluene- <4 azo 3> - toluene - <4 azo 1 >- naphthol - (2), 
melted at 177-178° C. and stained fat red-orange. 

5. Purified sudans stained less strongly than commgrcial sudans and 
these less strongl 5 <- than residues. 

6. Jlixtures of purified sudans stained more strongly than their ingredients 
separately. 

7. Impurities play an important part in strengthening the colour imparted 
to fat bj’ commercial sudans. 

8. Of the various dyes tested, our routine fat dye, sudan IV British Drug 
Houses no. 555722, was the most satisfactory as a fat stain. 

Wc are indebted to The British Drug Houses Lunitod for various I’csearch 
materials and to Professor S. L. Baker for criticism. 
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TWO OVARIAN TERATOJIATA, ONE CONTAINING CEREBELLAR 
THE OTHER CEREBRAL CORTEX 

H. F. Bettinger 

Dcparlmcnt of Pathology, Women's Hospital, Melbourne 
(Plate XIX) 

In 1939 R. A. Willis of Melbourne reported in this Journal the occurrence 
of well defined cerebellar tissue in a teratoma of the ovary. He was able 
to find only one other reference to a case of the kind (Askanazy, 1907), but 
even if a number of similar observations have gone unreported, the condition 
must certainly be one of great rarity. It is remarkable that a similar case 
should liave come imder observation in another Melbourne Hospital shortly 
afterwards and that about the same date at the same Hospital examination 
of another teratomatous ovarian tumour should reveal the presence of 
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ccrtbial corttx Tins a Uss infrequent occurrence- than the tle\elopment of 
cercbollnr cortex but it is sufficientU rare to warrant inclasion m the prcsi nt 
report, the more so as the tuo eases ]m\e other features m common 

Case 1 

Clinical history A woman 26 jears of ago rcgnlarlj attended the ante 
natal clinic of this hospital during Iier first pregnnnc^ On examination a 
slight general contraction of the pehis was foimd and a c\'stic tumour in tho 
pouch of Douglas probabU arising from the right o\nn was detected At 
term, the cj’st prevented the head of the foetus from entering the pelvis and 
Cesarean section became neces&arv A livmg male babv weighing 7 lb 2 oz 
was dehv ered and an ov arian cj st of about the size of an orange was remov cd 
Recoverj was uneventful 

Macroscopic description TIu specimen measured lOxGxC cm On 
bisection it was found to consist of two evsts, the smaller, about 2 cm 
m diameter, being embedded m the wall of tho larger The main cj-st had 
n thin hmootli wall and was filled with clear colourless fluid The smaller 
tv’s!, thicker walled, was stuffed with hair and sebaceous material 

jl/icrojcopic description The outer lajcrs of the mam cjst wall consist 
of Strand's of connective tissue m which lit islets of surviving ovarian ti»-*uc 
The inner laj ers consist of nerv ous tissue of nemoglial type nerv e cells being 
absent Occasionallj some kmd of ependjmal Immg can bo "cen but onlj 
in patches, not m the whole circiunferencc of the cjst Iso other tissues can 
be detected except m the wall dividing the two cj'sts The smaller cj st is 
lined partly bv well differentiated squnmoits epithelium partlj bj the 
granulation tissue with ^mbeddevl hairs and foreign boclj giant cells, which 
so often lines these evsts Beneath tho epithelial lining is a lajer of connective 
tissue contammg hair follicles and sebaceous and Rudonferous glands Tiie 
most mteiestmg part however is the dividing membrane between the tvro 
evsts lllien approached from the smaller cynt this is seen to be composed 
firstlj of a lining of well differentiated squamous epithelium, followed bv a 
lajer of connective tissue containing mamlj hair follicles and sebaceous 
glands Sudoriferous glands adjoin to form a rntlicr wide layer Group*, of 
these glands are surrounded bj smooth muscle and a large island of cartilage 
IS present here There follows a wide layer of adipose tissue and ratlier 
loose connective tissue winch, somewhat deeper m the section differentiates 
into leptoraenmges These cover a lajer of verj well differentiated cerebellar 
cortex, of which the tliree strata, moleculare ganghosum and granulare, 
are sharplj demarcated the whole arrangement reiterating most clo-jelj tho 
architecture of the normal cerebellar cortex (figs 1 and 2) As the lumen of 
the mam cj is approached the cerebellar cortex lose*, its differentiation and 
blends wath the ill defined neuroglial Immg of this cj’st 

Case 2 

Clinical history Nurse P , 29 jears of ag had noticed swelling of the 
abdomen for several months No disturbance of general health was 
experienced, nor was there anj meustninl irregularitv At operation a largo 
cvstic tumour of the right ovarj was removed 

Macroscopic description Tlie tumour was a rather thick walled evst 
measuring some 24x20x8 cm On bisection a largt nmoimt of clear, 
slightlj jellowish fluid escaped Areas of calcification could be ftU m tho 
wall At one place a evst measuring 5x4x3 cm was embedded in the wall 
of the mam evst it was filled with sebaceous material and hnit''* Close to 
it a tumour measuring *'X7x5 cm projected into tho interior of the mam 
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cyst. Its cut surface shorred some cysts but was composed mainly of solid 
wliitish tissue. 

Microscopic description. The wall of the small cyst has one structure 
which one would expect, namely skin and its appendages. The wall of the 
main cy.st consists largely of dense fibrous tissue. There is no lining by 
skin ; often the connective tissue itself forms the lining membrane. Here 
and there .strips of neuroglial tissue similar to those in case I can be seen. 
The solid tumour within the cyst consists largely of nervous tissue. A glial 
felt-work, accumulations of nerve cells with brain sand between, and less 
differentiated nervous structures are the -most frequent findings. Fair 
amounts of connective tissue and some adipose and muscular tissue are also 
present. In one very small area respiratory epithelium forms a canal 
surrounded by smooth muscle and mucous glands. The main feature of 
interest, however, is that quite frequently the nervous tissue takes the form 
of definite cerebral cortex {fig. 3). From loose connective tissue, lepto- 
meninges have differentiated and cover structures closely imitating the 
architecture of the cerebral cortex. In its deeper layers this well defined tissue 
blends into less well defined structures, as in case I. It is noteworthy that 
the nearest approach to organoid structure again occurs in the vicinity of 
the dermoid cyst. 

Comment 

As a vivid imagination has led many authors to “ recognise ” all kinds 
of tissues and organs, even more or less complete parts of a foetus, in tera- 
tomata, rather rigid criteria have to be applied when dealing with structures 
hitherto rarely observed and insufficiently described. Of Askanazy’s case 
neither a detailed description nor figures are available. In Willis’s case, 
however, there is no doubt that the tissue described is cerebellar cortex. The 
gross architecture of the cerebellum, however, had not developed to a great 
degree, although there is some resemblance to an arbor vitfe. In this respect 
the present case 1 leads a step further, for not only the cytological but also 
the gross architecture of the cerebellar cortex is fully developed. Cystic 
teratomata which contain very little skin are somewhat rare, and cases like 
the one under discussion, where the main cyst is lined by nervous tissue, are 
not frequently seen. To what an extent such a development might proceed 
is illustrated by the second case. Here again the main cyst is not lined by 
skin. As in the first case, a small skin-lined cyst is included in the wall of 
the main cyst and although the latter is not completely lined by nervous 
tissue it can, from the lack of other structures, be safely assumed to be of 
neuro-epithelial origin. It is an unusual feature that the solid tumour inside 
the’ ej’st consists to such an extent of brain tissue. Wlrile the formation of 
cerebral cortex itself is not an extraordinary rarity, the degree of differentia- 
tion reached in this case is seldom seen. 

Summary 

In the first of the two cases of ovarian teratoma here reported, the main 
interest lies in the development of immistakable cerebellar cortex — the 
third recorded example. In the second case, interest centres in the pre- 
ponderance of mature nervous tissue (including cerebral cortex) over all 
other tissue elements. 
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COEEELATIO^ BEOTELN CARCINOGENIC POTENCY AND THE 
FIEST SKIN EEACTION TO CERTAIN HYDROCARBONS 

B D PUI.T.TNGER 

Frofn Ihc Imperial Cancer Research Fund, London 
(Pr,ATE XX) 

A clinracteristic and po^^jiblj specific reaction to a single application of 
some carcinogenic Iij drocarbons has pre\iouaK been described (PuIImger, 
1940) Onlj the mo-^t rapidlj acting of the>»e clicmicab. ga\e ri-se to this 
response and the dose required aaried con.-,iderablj ENperiments ha\e 
now been done to determine the least dose of some of the rapidlj acting 
In drocarbons which will cause this earU clioracteristic hj'perplasm The 
effect of e\cessi\ e do'>es lias aUo been ob»er\ cd 

A cIono correspondence was found to exist between the effectue dO'*e and 
the rato of tumour production by these compounds The shorter the a\ erage 
latent period for c'lrcmogene'sia the lower wa& the dose required to cou>e the 
earlj characteri'-tic response Tliere i-s a le'ss close relotioa^hip to the 
percentage of tumour bearing anunaK These comparisons are based on 
figures compiled bj Iball (1939) and on reports of the actnita of some 
recently sjmthesised compounds (Badger et al , 1940) 

All the compounds tested except benzpa-rene and methjlcholantlirene 
were supplied bj Professors Cook and Kennawaa The data relating to 
carcinogenic potenej arc summarised in table I 


Table I 


Compound 

Latent pi rlod 
(da\<) 

Icrccntig of 
tumours 

5 9 lOTnmethjll 2 benzanthmccnc 

31 

6> 0 

9 10 Dimethjl 1 2 benzanthrocone 

43 

G'5 0 

Slcthylcholnnthreno 

109 

SS 5 

Bonzparene 

ion 

78 0 

3 4 6 6 Dibenzcnrbazole 

143 

47 5 

6 9 10 Trimethjl 1 2 bonzanthraceno 

* 

5"> 0 

2 Metlij 13 4 benzphenanthreno 

156 

75 0 

6 G 9 10 Tetrametlnl 1 2 benzantliroccno • 


45 0 


• Figures ate not at present a^-ailable owing to rcmo\-al of the records to a safer place 


Tho findmgb relating to dO'sC and rcspon&e are shown in table II 
It has also been noticed that an exces&iae doso, about G times that required 
to produce a characteri'stic livperplasm, sometimes but not alwaas cau^c-s a 
different reaction Instead of being hjperplostic the epithelium is reduced 
to one or two long thm flattened cells Tliese arc stretched out oa er the sub 
epithelial la^rs so that each coaers a much larger surface than itsual A 
largo amount of keratin lies o\ er them but there are no signs of difibrentintion 
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in the living cells ami they are often so flattened as to appear atrophic 
(plate XX). The change is not general over the whole of the treated 
area ; it occurs erraticalty here and there and it has not been possible to 
trace the stages through which it conies about. From the presence of excess 
of keratin and the absence of necrotic debri.s it is fairly certain that the 
larger dose is not on the whole a lethal one. Only a few nuclei undergoing 
karj'olj’sis can be found. As in former experiments the impression is gained 
that these hydrocarbons are specific irritants which even in larger doses do 
not cause cell death, ^ 

Tabi-e II 


Compound 

’ 

Strength and amount of solution hi acetone 

0-025 

per 

cent. 

0*05 

per 

cent. 

0-1 per cent. 

. 

S' 

s 

doip I 

1 drop 

o 

tr 

O 

o 

w 

es 

1 

n 

5:9: 10-Trimcthyl-l : 2-benz.authraceno 

9 : 10-DimethyI-l : 2-benzanthraceno 
Mothylcholanthreno ..... 

Benzpyrene ..... 

3 : 4 : .5 : 6-Dibenzcarbazole . 

6:9: lO-Trimcthyl-l : 2-benzanthraceno 
2-iMethyl-3 : 4-benzphenanthrene 

5:0:9: lO-Tetramethyl-I : 2-benzanthracene . 


— 


J- 

+ 



+ 

- 

-b 

+ 

+ 


A plus sign indicates that the majority of the animals tested gave the reaction, 
a minus sign that none of them did so. 


1 : 2-Azonaphthalene has been tested by the same technique. Even 
after an application of 12 consecutive drops it did not caitse the hjqierplasia 
characteristic of the most active carcinogenic compounds. 


Summari/ 

1. The .shorter the latent period of a carcinogenic h 5 'drocarbon, the smaller 
is the dose required to provoke the .specific hyperplasia previously described. 

2. Excessive doses of the same hydrocarbons are followed, in scattered 
area.s, by thinning and stretching of epithelial cells so that they appear to 
bo atrophic. 
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Platf XX 



[oiiso slan three diijs after the application of 18 ilrops of a 0 1 pei cent solution of methjlcliolanthieno in acetone 
Instead of n uidespivad uniform hjperpla'*ia tliero aro scattered patches of thin, stretched epithehuin and 
of liyporphsin 
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AN APPARATUS FOR 'IHC I3RC\KING DOWN” OF VACCINDS 
IN LARGE QUANTITIES 

L S Ashcroft and A H Lfmui 
Fiom the Bacteriological Department, Royal Natal Medical School 

The de'icribtd la this communication has beta designed for 

the “bitakmg do^vn ” of any vaccine 01 combination of \nccmcs m Higo 
quantities m such a waj as to icduco to a minimum t!io risks of external 
contamination and tho amoimt of changing over from ono bottle to another, 
as w( 11 ns to effect economj m time and labour Anj numbi r of bottles can 
bo filled at ono and the sam< timo with one or moie tvpcs of vaccine, and to 
any required total volume b^ using tho necessary number of service feeds 
for connection to tho required munber of reception botth •, The various 
component parts are easilj sterilised and can bo quickly assembled and tho 
risk of any external contamination after nssemblj is practically nil 

The dmgiam on p 290 shows tho apparatus completely fitted up for 
filling 4 bottles, each of 4000 c c capacitj , u ith mixed and diluted T A B C 
vaccine from vessels containing strong separate stock suspensions of Baet 
iyphosum and Bact poraiyphosum A, B and C 

4 IS a 200 cc burottt, graduated m 2cc divisions with a twov\ay 
glass stopcock («), and is plugged at tho top witli sterilised cottonwool, 
tho whole being fixed on a metal tripod Tho burotti is connected bj rubboi 
tubing (6) to a 5 waj glass Carrel distributing tube, from winch ono rubber 
tube leads to B, a 4 litre bottlo containing salmo, and tho lemaining four 
■to tho bottles containing the stock suspensions Each btock bottle, as well 
as bottle B, is further connecfoif 6> nibber tubing to a second 5 waj Carief 
tube (c) loading to a filter bottle (C) which is connected to a blower 

Tiie burette (A) is connected by tube (d) to a 4 way Carrel tube (c) 
which leads by separate tubing to the four 4000 c c bottles 1,2 3 and 4, 
for tho final reception of the combined and diluted T A B C vaccine 

We have found that a Stuart pump with a small Klaxon motor is a 
fiatisfactorj blower, the om wo use 1ms worked satisfactorily and con 
tmuously for tho past 18 months, giving o steady and even flow of liquid 
It is essential tliat fine boro rubber tubing (3 5 mm ) should be used Alota! 
screw clamps are fitted on all tubing leading from tho stock bottles, the saline 
bottle and tho Carrel tube (c) These aro very much more satisfactory than 
ordmaiy spring clips, which art not easily worl ctl and are liable to slip 
They need not bo sterilised 

1 he practical working of the ajyparatua 

I Open tho clamp on bottle B and pump about 20 0 c of &ahnc into 
■burette A Closo a Remove the cottonwool plug and add tho required 
amoimt of phenol to 1 , replace tho plug 

II Open the clamp leading to bottlo I, connect A with tube d and allow 
•the contents of A to flow into bottlo 1 Close clamp and stopcock Repeat 
proccduics I and II for bottles 2, 3 and 4 

III With the clamp on bottle B closed, open the clamp on the typhoid 
■bottle and pump into 4 sufficient vaccine lor tho four reception bottles, 
fiav 108 cc t 42 c c foi each bottk Clo-^c tho coimections between A 
and the typhuid bottlo and, by opening tho nppropriato tap-, and clips, a’low 

u 
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42 c.o. of suspension to run from A to each of bottles 1-4. Repeat the same 
process for each of the suspensions paratyphoid A, B, and C. 

W. All four reception bottle.s hardng received tire required amounts of 
ea’ch suspension, all that remains to do is to pump through the burette, 
into each reception bottle, enough saline to fill it rrp to the 4000 c.c. mark. 



A, burette ; 3, saline ; C, filter bottle ; a, stopcock ; b and cl, connections 
leading from burette ; c and e. Carrel tubes ; 1, 2, 3 and 4, reception bottles ; 
typhoid and para A, B and C, bottles containing stock suspensions. 


By using this apparatus, 16,000 c.c. of vaccine can be “ broken down ”■ 
in a little over half-an-hour by three people': with two people working, the 
time taken is a little longer. 

Bach bottle is fitted with a metal cap of appropriate size with a standard 
fitting, transmitting a two-way tube. The length of the rubber tubing on 
..the various pieces of the apparatus is roughly 12-15 inches. 

For sterilisation, the rubber tubing, Carrel tubes, bottle fittings and 
burette are all assembled as in the diagram. Each metal cap is separately' 
wrapped in Kraft paper, and the ends of the rubber tubing attached to the 
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smaller metal top-? for the stock bottlw are m■^cl•te^l into test-tubes •vvliicli 
are also separately wrapped in Kraft paper, so that cacli piece of the apparatus 
can be undone separately. The whole apparatus is stenhsoU m the autoclave 
at 15 Ib pressure for 45 minute^ 


5/6 . 851 . 4 (Bad. Ujphi ) : 576 . 809 . 75 

THE ACTION OF SALICYLATES OX THE DEVELOPJIEXT OF 
ANTIBODIES FOLLOWING ANTITYPHOID INOCULATION 

C Bruce Perry 

Prom the Department oj Medicine, UniveraiOj of Bristol 

Despite the specific action of salicjlates m relieving the pam and fever 
of acute rheumatism \ery hltlo is known of their mode of action. It has 
been suggested (Poynton and Schlesinger, 1937) that the relap«o of acute 
rliemnatism winch so frequentij' occurs in a rheumatic child after an acute 
streptococcal infection maj be prevented bj* the administration of salicj lates 
for some weeks after tJie streptococcal diness Evidence lias been put 
fomard (Sclilesinger and Signy, 1933, Perr>% 1939) that this prophjlactic 
action is associated with the mhibition of antibody formation Swift (1922) 
appears to ha\e been tlie first to study the action of aalicylatcs on the 
formation of immune bodies From a considerable number of CNpenments 
of various t 5 *pes he concluded that the administration of salicylates materially 
reduced the amount of antibody produced in rcspon-so to many antigens 
Denck, Hitchcock and Swift (1927*28) evtendod tlie'^o observations to man. 
Tliey found that largo do-ses of aspirin giv'cn to patients uho had received 
hor»e serum largely prevented the dev'elopment of tho arthritis of serum 
sickness, the other matufe-stations being unaffected, and lliat, associated with 
this phenomenon, the development of anti horse precipitin m the serum of 
treated patients was very much reduced or absent 

It appeared desirable to obtain further information upon this action of 
hahcj lates and a group of medical students who were receiving onti-typhoid 
inoculation volunteered to asr>i*st Tliere were IG m all, G men and 10 women. 
Eight (3 men and 5 women) agreed to take aspu'in continuously for tho 10 daj s 
between the first and second inoculations. Four (3 men and 1 woman) took 
45 grams daily and the remainder (4 women) only 30 grams daily The berum 
was te^ted before tho first mjection and as far oa possible twice weekly for 
the first two weeks and then at less regular mtcrvals. The c^ammation after 
tlie sccontl inoculation was somewhat intcmipteil by ratlier heavy raids 
and the Christmas vacation. The sera were tested against H suspcnsioas 
of Bact. ipphositm and Bad, parati/phosum B obtained from the standards 
laboratory at Oxford. Tests were aUo made against Bact typhosnm O 
su-»pension-5, but in many of the cases the development of O agglutmias was 
mi^^td owmg to their lato appearance and short duration. Before tho first 
injection none of the '^era '.bowed any agglutinins, witli the exception of 
tlint of ono woman who had received anti-typhoid inoculation 12 years 
pn*vlou^Iy In tins student there was a^lutmation of tho Bact. para- 
typhosum B -suspension at a dilution of 1 : 10. 

In the controlcA'.osrecen’ingnoaspinn, ngglutin\n<i for Bact. typhosum H 
first appeared 4 days after the mj^stion and rose rapidly to tliew maximum 
titro by the 8th to the 11th day. Hie maximum titres ob-'Crved varied m 
different individuaK from 1:500 to 1 : 10,000. Observ-ations after tho 
second injection were not so detailed but no higher titrcs wero found, Tho 
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titre graduallj- fell and 10 -sveelis after the first injection varied from 1 : 250 
to 1 : 1000. The response to Bad. paratypJiosttm B was almost identical 
except that the maximum titres varied from 1 : 500 to 1 : 2500 ; at the 
end of 10 weeks the titres ranged from 1 : 100 to 1 ; 500. In the group 
receiving aspirin the time of development of agglutinins was almost identical, 
as was also the titre reached, the maximum for Bad. typhosnm H vaiying 
from 1 : 500 to 1 : 10,000 and the 10 weeks titre from 1 : 50 to 1 : 1000. 
The maximtun titres for Bad. pamtijphosum B were 1 : 500-1 : 5000 and the 
10 weeks titres 1 : 25-1 : 250. Tlie chart shows the distribution of the 
different titres observed in both groups of subjects. This shows that there 
is no difference in the initial response or maximum titre.s reached but does 
suggest that the treated cases fell to a rather lower titre in 8-10 weeks than 
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Chart showing the distribution of the various titres of typhoid H agglutinins 
obsen-ed in control and treated subjects. 

r~l = Female control O = Male control 

■ = Female receiving aspirin • = Male receiving aspirin 

I = First inoculation 
I = Second inoculation 

the controls. Tliis difference is, however, too small to have any statistical 
significance. 

There was thus no evidence that the administration of aspirin in the 
doses given had any appreciable effect on the development of H antibodies 
in response to anti-tj^phoid inoculation. The dose of aspirin was small 
compared with that used by Derick el al. but not dissimilar to that used 
by Schlesinger and Signy, and it was as large as was considered desirable 
in ambulant persons at work. IVliether the different results are due to the 
smaller dose of aspirin, the different antigen, or the large dose of antigen used 
is not clear. Swift’s original experiments with various antigens were per- 
formed with very small numbers of animals and it is doubtful if they would 
stand statistical analysis. On the other hand the results of the observations 
of Derick d al. on anti-horse jirecipitins appear to be conclusive, though 
whether salicylates in sufficient dosage are capable of inliibiting antibody 
formation in all circiunstances must remain undecided. 
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Conclusion ^ 

Tlio adramihtratjon of aspirin m doses of 30 45 grams per tla\ had no 
appreciable effect on the dcvelopimnt of agglutmms followmir tv’phoid 
inoculation 

TJianlvS are due to the students who hO kindly made the, invt tigntion 
possible and to Dr K E Cooper for his constant interest and ad\ loc 
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SOAIE usrs OF NIGROSIN IN UAtTLRIOI.OO\ 

\LEXA^OEa FLEM 1^0 

From (he InoeuMion Deparimenty St Mari/*s Hosjutal, Paddington 

In the period before 1914 ifc irns {lossible to obtain commercialK India 
ink winch, when spread m a thin film on a microscope slide, ga\e a roa«onabl} 
homogeneous background After 1919 this was not m toy experience po«»siblo 
and accordingly I looked around for other substances wliicli ga\i iiomo 
geneous dark backgrounds and tried, among other things nigro^m Thi-> 
IS an almost black dje which, when spread on tv film and drietl niskes a 
perfectly homogeneous film and <loe'» not atam bacteria 

For these reason-;, mgrosm is \er\ suttabk, as a ^nb•>t^t\^te for India ink, 
for pros idmg a dark background for unstained bacteria It has the ad\ nntago 
tliat it fumi^^hes a smooth background and can rcndilv bo rcmo\ed h\ wattr, 
so that n bacterial film after examination m mgrosiOk can bt washed fno of 
this substance and stained bj anj of tlie usual metJuKis 

For o\er twentj jears I hav-n been teaching tho u->t of negntne stnmmg 
bj nigrosin in the prelunmnrj examination of a culture and foi other p«r|x>-es, 
and the object of this article is to encourage n wider uso of the method 
"uhicli, after long experience, I havo foimd most saluabk 

Preparation of the mgrosm solution 
The following solution is prejwirefl 

Ntgro-^m, water soluble {Gurr) 10 g 

WoUi 90 cc 

Fonmhn 10 , 

Tlu formalin h added merely as n pro mntne to prxvmt the growth of 
moulds and bacteria 

While a 10 per cent solution of nigrostn ls nio-,t sUitablt for general 
jorns or rATH—xou iin u2 
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purposes there are occasions when a saturated solution is preferable, and at 
other times the 10 per cent, solution can with advantage be diluted with 
distilled water. 

Dcmonslration of the size, shape and arrangement of bacteria 

This can be done in two ways. 

(a) A suspension of bacteria in water is spread on a slide as if for staining 
and allowed to drj'. A small drop of nigrosin is then placed on one side of 
the bacterial film and is spread over the bacteria with a loop or another slide. 
This film can be dried by gentle lieat over the bunsen flame and is then 
ready for examination. 

(&) A small drop of the nigrosin solution is placed on a slide and into 
this are mixed bacteria from the cultme (just as if it were a drop of water). 
When the mixture is complete the drop can be treated in either of two ways, 
(i) With another slide a film is made in the same way as a blood film. 
This gives the most perfect results if the technician is skilled but otherwise 
may be disappointing, the film being too thick or too thin, (ii) The nigrosin- 
bacteria mixture is spread out on the slide b5'' a circular motion of the loop, 
which gradually advances along the slide from its original position until it 
no longer contains sufficient fluid to leave a film. This gives an uneven 
film — the first portion is too thick, the final portion too thin, but somewhere 
in the middle there is a perfect thickness. By this method several different 
colonies can easily be examined on the same slide. 

Tire thiclcness of the nigrosin film is important. If it is too thick the 
bacteria are partially overlaid by the nigrosin so that they appear too small. 
Suppose, for instance, we take a film of staphylococcus in nigrosin. The 
staphylococcus is about OS g. in diameter. If the nigrosin dries in a film of 
the same thickness the staphylococcus can only appear as a very minute 
clear spot with a hazy outline round. If the film of nigrosin is too thin the 
backgroimd may not be perceptible, but in this direction there is an enormous 
margin. Even if the amount is so small that it dries into a hardly perceptible 
film the bacteria can still be seen, as arovmd each bacterium the depth of fluid 
approximates by capillary attraction to the depth of the bacterium. Wien 
this dries the bacterium is siurounded by an easily perceptible dark halo 
inside which is a clear area denoting the size and shape of the organism. 

It is customary in the examination of cultiues, especially by students, to 
use for a preliminary examination a film stained with a simple stain such as 
methylene blue. The method described above has distinct advantages over 
.simple staining. The whole operation takes less time, and is wholly per- 
formed on the worker’s bench, thus avoiding the necessity of walking to a 
sink to stain the specimen. The outlines of the bacteria are more clearly 
defined tlian by any staining method. Degenerate bacteria which have lost 
their staining properties still sliow up as faint shadows in the nigrosin film. 
Sometimes it is difficult, with stained specimens of tiny colonies, to focus' 
accurately on the portion of the slide on which the film is spread. If the 
film is spread in nigrosin solution the black colour makes it easy to find. 

Use of ricgativc staining loith nigrosin in combination with 
positive staining methods 

After a bacterial film has been stained with Gram or other stain it is 
sometimes an advantage to .spread nigrosin over half of the stained film. 
This leaves half of the film for examination as a stained film while in the 
other lialf there is the combination of positive and negative staining. Nigrosin 
is, however, a decolomising agent and rapidly removes most stains from 
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bacteria, t>o that if the stain is to bo pfe-5erved the mgrosm film must bo 
rapidly' dried. Even tiien partial decoIoun$ation frequently occnrto. Tins 
partial docolounsation in some cases gives verj*^ beautiful results in 
demon-strating granules in, for example, a Grara*stamed film of the diphtheria 
bacillus. 

Tilts method mvolves so little cTtra labour that it is vrorth domg when 
etamed films of material lUte foecal suspensioas or direct smears of diphtheria 
swabs are being examined. It lias tlie advantage of showing up organisms 
hko spirochictes winch do not show up prominently m the stained film. 

The demonstration of spores 

The U'^.ual metliod for tho demonstration of spores is to stam with hot 
carbol-fuclism, decolourise with weak ncid, and coimterstam the bodies 
of the bacilh with a stain such as methylene blue. If we consider the structure 
of an anthrax bacillus we see that if the spore is stained with fuchsm and tho 
bacillarj' body with methjJene blue the edges of tho t'poro mast be rendered 
to some extent indefinite by being overlaid by the blue coloured bodj' of 
the baoilUis. Theoretically, therefore, the spore would bo more clearlj' 
shown if the body of the bacdlas were left imcoloured and its outlines 
delineated by negative staining with nigrosm. This theoretical consideration 
IS borne out m practice 

Tho details of the methods of staining recommended arc as follows 

For single slides. A bacterial film is made m the usual way on a hhde 
and dried. Soiling carbol-fuclum • (or carbobfuchsm diluted with an equal 
amount of water) is poured on tho slide and with occasional warming is left 
for 6 minutes. Tlie stam is washed off with water and the film rapidly 
washed with alcohol, which removes the deposit of stem adhering to the slide. 

Dccolouri'ation can be effected by covering the slide with 10 per cent, 
nigrosln solution for 5 minutes or longer, after which it is washed off with 
tap water and the film is dried. A drop of nigrosm (10 per cent ) is then placed 
on one end of the slide, and with another slide is spread as a film o\cr tlio 
stained specimen and allowed to drjx Tins gnes bright red spores and 
unstained bacterial bodies, the outlines of which aro clearly seen against the 
nigro->in background. 

If It IS desired to decoloun^o more rapidly, the u.-»ual reagents sucli as 
weak acid or sodium sulphite may be used The decolourising agent is washed 
off with water, the »hde is dried, and then nigrosm solution is spread o\er the 
film and allowed to drjx Tlie primarj' decolourisation need not be quite 
complctei as in the /owfceconds uJiich the nigrosm talces to diy it complete-* 
tlie removal of the stam from tho bacillary bodies. 

\Mien the stronger dccoloiwising agents ore used some of the stam may bo 
removed from the spores , these do not then show the mtensc bright red 
colour w'luch is seen wlien nigrosm is tlio only decolouriijing agent used. 

For large numbers of slides for class purposes From a culture on a 
suitable solid medium tho bacteno ore transferred to water m a test-tube to 
form a thicL suspen-iion. To this is added on equal volume of carhol-fuchsm. 
Tlio w hole I-, boiled for oboiit 5 minutes or immersed m a saucepan of boding 
water for anything over 5 minute^. Tho tube is now filled up wutli water 
and centrifuged, when the bactena rapidly sediment, as tlicy are agglomerated 
in- masses. The excess of htam is removed by washing once or twice with 
water, which process, owing to the agglomeration of tho bacteria, can usually 

* Bnsic fiicliem . 1 g 

Phenol (pure) 5 g. 

Alcohol . JOcc. 

Water (distilled) . 100 c c. 
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be done without centrifuging. Almost all the fluid is now removed, and with 
a pipette or glass rod the bacterial masses are, as far as possible, broken up 
into a suspension. Approximately 2 volumes of 10 per cent, nigrosin solution 
are now added and mixed with the suspension. After about ten minutes (the 
time varies considerably with the tjpie of organism) decolourisation is 
complete, and small drops are placed on slides and spread into films of .such 
a thickness that the nigrosin furnishes a suitably thick background. The 
films are allowed to dry and are ready for examination. 

Bacteria stained in this way show clear cut, intensely red spores in 
uneoloured bacterial bodies sharply defined in the nigrosin. The picture is 
a more definite one than when a double stain is used, and the edge of the 
spore is very sharp, making it obvious that it is a definite body and not 
merely an indefinite red area in a blue bacillus. This makes it easier to 
convince -.tudents that spores are real entities, and the method also makes 
it pO">ible to prepare without undue trouble a sufficient number of stained 
specimens to present one to each student, so that there is no excuse for their not 
ha\dng seen spores. 

The demonslrntion of copsiiles 

Xegdtive staining for the demonstration of capsules is a common procedure. 
The bacteria are usually mixed with a drop of India ink and spread in a film 
on a slide which is then stained. Nigrosin cannot be used in this way as, being 
water-soluble, it washes off the slide in the process of staining. It can be used, 
however, in another way, by spreading it m a film over the .stained slide of 
capsulated organisms, when it settles down and dries in a film outside the 
capsule, thus leaving an unstained area between the nigrosin and the stained 
bacterial body which represents the capsule. 

The decolourising effect of nigrosin, so useful in the demonstration of 
spores, is here a disadvantage as, imless great care is exercised, the stain may 
be removed wholly or partially from the bacteria. The stains which I have 
found to be mO't resistant to the decolourising action are Oram’s stain and 
methylene blue. 

A film of the bacteria is made on a slide in the usual way, stained by Gram 
or methylene blue and dried. Then a small drop of nigrosin is placed on tho 
slide and with the edge of a second slide is drawn into a thin film over tho 
upper half of the stained specimen. This should be dried rapidly by heat to 
minimise the risk of decolourisation by the nigrosin. 

If the edge of the nigrosin-covered portion of the film is examined with 
an oil immersion objective one half of the film shows stained bacteria and 
negatively stained capsules, while the other half is merely a stained specimen 
of the bacterial bodies. This demonstration of the capsules in half of the 
field is verj' convincing to the sceptical student. 

This method, while v-ery beautiful, is a dangerous one for general use 
imtil we have a stain which is not removed by nigrosin, as partial 
decolourisation may, unless careful obser\'ation is made, closely simulate 
capsulation. It is, however, free from the objection which may sometimes bo 
levelled against the method of staining the bacteria in India ink films, namely 
that the bacteria have shrunk away from the ink in the process of drying, as 
the nigrosin is only applied to the film after the bacteria are drjo 

Summary 

Nigrosin solution is recommended for the negative staining of bacteria. 
It may be used by itself as the simplest and most effective method of 
demonstrating the size, .shape and arrangement of bacteria, or it may bo 
combined with staimng methods to demonstrate spores or capsules. 





OBITUARY NOTICES OF DECEASED MEMBERS 

UUliUiani JeuKocb 

1868-1941 
(Plwe XXI) 

WiLLUJi Bulloch, emeritus professor of bacteriolog) in the 
University of London died on llth Februarv at the age of 72. 
Bulloch was appointed bacteriologist to the London Hospital on 
27th June 1897 He became Goldsmith s professor of bacteriology 
{London University) in the London Hospital Medical College in 
1919, and retired on 30th September 193+, becoming consultant 
bacteiiologist to the Hospital and emeritus professor He continued 
tow oilv 111 Ills old laboratory until w ar broke out and finally returned 
to his Hospital for a small operation and died He ii as thus actn ely 
associated w itli one institution for 42 years 

Bulloch was bom at Aberdeen on 19th August 1868 the joungor 
son of tho late John Bulloch and brother of the late John Malcolm 
Bulloch the historian of the Gordons He studied medicine at 
Abeideeii qualifjmg in 1890 with highest honours He was 
awarded the Murraj medal ns the most distinguished graduate of 
the yeai He took his MD in 1894 also with highest honours, 
and won the Struthers gold medal m aiiatomj 

After qualification Bulloch w orkcd for nine months w itli D J 
Hamilton in the pathological department at Aberdeen and for some 
short period as an assistant in private practice According to his 
own confession tlus latter exploit was not a success and m 1892 
he went on a speculative tnp to Germany and became a voluntary 
assistant to Birch-Hirschfeld in Leipzig Here he published a paper 
with Schniorl In 1893 he studied pathological anatomy m Vienna 
and at tho same time attended lectures on general medicine 
Returning to Aberdeen he came to London with Arthur Keith in 
1894, and worked with David Ferrier at King’s College on neuro 
pathology In the same year he was appointed assistant to Victor 
Horslej, the professor of patholog) in Draversitj College, but 
before starting his duties he took the course of bactenologj at the 
Pasteur Institute given by Roux and Jletolimkoff He taught 
pathology and bacteriology at Universitj College during the w niter 
session 1894-95 

His work vnth Victor Horsley on neuropathology was not 
congenial to iimi and in July 1895 he was appointed assistant 
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bacteriologist at the antitoxin laboratories of the British Institute 
of Preventive Medicine (now the Lister Institute), where, after the 
retirement of Rulfer, the director, in 1896, he assumed entire charge 
of the serum department. In the next -year he started his long 
association with the London Hospital as bacteriologist to the 
Hospital and lecturer on bacteriology and pathological chemistry 
at the College, an association which was to last his working life. 

In an attempt to assess the effect of Bulloch upon the move- 
ments of his time, mention should be made of his activities as 
director, as teacher, as research worker, as administrator, as 
bibliographer and as historian. 


Ms director 

Bulloch was one of the first to be appointed as a salaried 
specialist in contact with patients at a London teaching hospital. 
Although in the medical school he took a natural place alongside 
the teachers of anatomy and physiology, Arthur Keith and Leonard 
Hill, in the hospital he fomid himself an exponent of a new subject 
which was already taught in a rudimentary and no doubt mangled 
way by such younger members of the honorary staff as were 
interested. It must be confessed that Bulloch had a passionate 
regard for accuracy m detail wliich induced him even in later life 
to point out errors wth devastating precision, but in later life he 
did so with greater authority and more humour than he could 
command in his earher days. Those most intimate "with him knew 
well that his early impatience was due to private misfortune, but 
those who did not, resented it. Thus Bulloch became involved in 
animosities with various members of the honorary staff, though 
certainly not "with all, which detracted from his ability to take his 
place in the hospital as a director of pathology in general. He 
withdrew into the fastness of liis ovm. department and posted a 
notice on his door to deter the adventurous who overcame his last 
steep flight of stairs. 

It is perhaps doubtful whether Bulloch at any time aspired to 
be the director of a large department. One tends to picture him 
as a student of the printed word — a bibliopliile — ^impatient of 
interruption by outside events. One doubts whether, even if his 
sunny temperament had not suffered a temporary eclipse, he would 
have been torn gladly from his books by the exactions of executive 
work. However, Bulloch did not become director of a large 
department. He started wth three rooms in 1897 and accepted 
two others in the early nineteen-hundreds for the accommodation 
of opsonic work ; othervdse Ins department displayed none of those 
expansions which are now commonplaces in pathological circles. 
Certainly plans were made and drawn out on more than one 
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occasion m an attempt to include him in the natural e\olution of 
pathology in a hospital, but he -nould not rise, and he remained 
sitting for nearlj 40 years in the same chair in the draught of an 
open door, in the ivorst of his five rooms, becoming happier and 
happier, but not advancing the interests of his department 
Koutine executive matters and routine u ork, the selection of staff, 
ordermg of goods, determmation of methods, he left entiiely to 
his assistants 

Bulloch in no way directed research in the sense of making 
suggestions in a positive way for lines of work or for the solution 
of difficulties He was purely critical and sometimes depressmg, but 
if a paper surv ived without comment one could at least be tolerably 
satisfied that no one else could pick it to pieces He had, up to the 
last war, such a respect for the prmted word, especially German, 
that any manuscript which purported to contam a new discovery or 
to run counter to pubhslied views was apt to be regarded with 
suspicion He would suggest from lus prodigious memory and 
knowledge of the literature that your new discovery was to be 
found in Baumgarten vol — , p — Hurried and anxious 
investigation showed that the volume and page were correct but 
that the subject matter did not of course deal with the precise 
point you were makmg As the years went on and the older 
literature became outmoded, he seldom commented on the work 
done in his laboratory, and one might think that he had not quite 
gathered what it was about had not one heard from other sources 
that Bulloch had been boastmg about the w onders w e had produced 

Thus Bulloch as a duector did not belong to that dynamic 
class which subdues its assistants by intellectual eminence Neither 
w as he a nonentity He was a person sitting apart from the daily 
difficulties, who had to be satisfied before we could be satisfied. 
We had not only a respect for his opinions, tempered by a recogmtion 
of lus foibles, but we had a respect for lus honesty And, finally, 
he had the important gift of keepmg us happy 

As teacher 

Throughout his life Bulloch personally deh\ ered all lectures on 
bacteriology and general pathology at the Medical School and also 
supervised the practical classes He would not have been human if, 
in lus later years, his lectures had exlubited a complete recasting, 
but though they remained of the same structure he brought them 
up to date along orthodox lines Certain passages alw aj s remained, 
always had the same effect on lus audience, and alwajs revealed 
to us in the room next door that he was leoturmg, for instance, on 
the gonococcus His audiences were alw ajs attentue, there was 
alwajs a look m lus eye of something to come I have only known 
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one student so somnolent that he resorted to a pointed glass rod 
to reach him across tlie table. It is not always the case with 
lecturers on medicine that they have any particular relation to the 
matters they propound, but with Bulloch one immediately recognised 
that here was a man who knew what he was talking about, who 
talked about it without fear or favour, who, by means of deft 
historical touches, appeared so much a part of his subject that one 
Avondered Avhy he did not come in with Pasteur and Koch. 

. Though he had a strong sense of the dramatic and produced his 
effects well, he was not an orator. His language, difficult at first 
for an Englishman to follow, was simple and natural but endowed 
curiously with an arresting quality which held the attention. He 
Avas equally successful in his public lectures — for instance, in his 
Horace Dobell lectures at the Royal College of Physicians in 1910, 
Iris Tyndall lectures at the Royal Institution in 1922, and recently 
(1936) in his Heath Clark lectures. The fact is that he enjoyed 
lecturing and Avas a good lecturer. 


As research worker 

Bulloch’s research Avork consisted largely of papers on patho- 
logical anatomy, of Avhich probably the most outstanding Avas his 
paper Avith Sequeira in 1905 on the relation of the adrenals to the 
sexual organs. On the bacteriological side he published nothing 
of great importance himself, and only a fcAv papers Avith such 
colleagues as Twort, CraAV, Western and Atkin. His career as an 
original Avorker covered only the first ten years ; afterAvards he 
applied lumself to critical compilations and revieAvs. Bulloch had 
at his disposal ample time for engaging in any Avork he preferred, 
but in fact he had no desire for personal research, at any rate at 
the bench. 

It may be imagined that a mind so critical and so versed in the 
Avorks of others might hesitate to commit himself to the hazards 
AA'liich fringe this path. The necessary culmination of research 
A\mrk is the printed account, from Avhich there is no retreat, and 
Bulloch himself Avould hardly admit that the author of a printed 
hoAA'ler could ever regain the respect of his felloAA's. Holding the 
vieAvs that he did, a mistake Avould be disastrous. 

In AA’hat may be called research involving the literature, the 
AA-eighing of printed evidence and the draAA-ing of guarded conclusions 
Avithin the limits of the printed evidence, he had an abiding interest. 
After his first ten years he more or less devoted himself to this 
aspect of his Avork. He Avrote notable articles in Allbutt & 
Rolleston’s System of Medicine, and a number of contributions to 
Karl Pearson’s Treasury of Human Inheritance. In these latter, 
hoAvever, he Avas clearly more interested in the bibliographical aspects 
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of the M orlv than in tlie pathological He contributed no personal 
obseivations, and at any rate m one case left the whole of the 
general account and conclusions to his junior collaborator 


As mhmntstralor 

Bulloch sened for nianj jear» <and \erj assiduously on a 
number of important committees and consiiltatii e bodies He 
attended regularly as consultant at the King Eduard feanatonum 
at Midlmrst He u as a member of the Executive Committee of the 
Imperial Cancer Research Fund a member of the Adr isory Board 
of the Beit Memorial Fellow ships, resigning last j ear after 29 j ears’ 
service, a member of the Government Committee on Foot and 
Mouth Disease an original member of the Slcdical Research 
Committee and of their Bacteriology Committee jiresulent of the 
pathological section of the Royal Society of Medicine In 1918 he 
became a member of the Lister Institute and in 1991 chairman of 
the Govommg Body, which office he retained to the end 

Bulloch took Ills duties on these bodies seriouslj but w as ne\ ci 
disposed to take himself too seriously His wide knowledge was 
alwaj’s available and liioidlv expounded but he did not readily take 
part in discussions, espeoiailv m later years when perhaps he felt 
that things were getting a bit bejond him He had quite a flair, 
when it became a question of allotting grants to individuals, foi 
Summing up quite forcibly the merits or demerits of a candidate 
It was sometimes not obvious on what lie based lus conclusions, 
but events usually confirmed his views and in anj ease lie was 
always manifestly honest Actuallj, his power to sum up a 
character was a reflection of one of his chief interests in life Ho 
had a great liking for the study of the innumerable tj pes he came 
across, and this seemed to bo one of the chief reasons which induced 
him to attend so many committees One used to see him sitting at 
tlio table quietly observing with his beady eye the foibles of his 
colleagues rather than attending to the matter m hand, and often 
enough after the meeting he would take them off m lus inimitable 
way witli such sympathy as to suggest that he envied them tlieir 
characteristics He seldom met nnjono for the first time without 
contriving to know something about them, and he earned their 
appreciation by firing at them a series of intelligent questions and 
getting to know more He had an amazing memorj He never 
forgot anyone ho had met once, and he could reproduce incidents 
in the past life of old colleagues which they themselv es had forgotten 
or remembered only sufficiently well to he able to recognise that 
truth w as not entirely submerged in art It is not out of place m 
an appreciation of lus serv ices to committees to point out here that 
ho was excellent company, viith a fund of stones which never 
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palled, and that this was one of the reasons why he was so valuable. 
He kept people human and kept them awake. 

jIs bibliographer 

Bulloch’s bibliographical knowledge of medical literature, and 
not only that of his own subject, was remarkable. He had developed 
a technique based on the catalogue of the Surgeon General’s Library 
in Washington and the old Index Medicus : this enabled liim to 
get in touch with the key papers, which he then pursued in the 
Library of the College of Surgeons or the Patent Office and later in 
the Royal Societ}' of Medicine. This was before the day when a 
librarian could be asked to attend to these matters and before the 
day of most of the present abstracting journals. He practically 
never consulted an abstract and deplored the tendency of others to 
do so. The idea of getting someone else to look up the literature of 
a subject was abhorrent to him. His method was personal study 
of original sources, and thus he avoided the transmission of mistakes. 
No act of a colleague was more likely to incur Ins displeasure or 
cause him to express it, than a bibliographical error. In fact he 
often checked up the “ literature ” at the end of a paper before he 
read the body of it, to judge whether the author was reliable or 
not. He thought, and with reason, that anyone who could be guilty 
of being slipshod m such matters was likely to be slipshod in other 
things. Iir later years the increasing size of the library and the 
bibliographical amenities of the Royal Society of Medicine attracted 
Bulloch more than the older libraries, and for ten years from 1925 
he acted as honoraiy librarian. 

Bulloch’s greatest bibliographical feats, which are unlikely to 
be surpassed, appeared in his article on luemopliilia in the Treas^iry 
of Human Inheritance and in the Medical Research Council’s 
“ Diphtheria ”. Some of his colleagues, findmg him immersed in 
the pi'ivate lives of obscure hasraophilics, could not quite api)reciate 
his object in struggling through such a mass of stuff. His object 
was to achieve finality in a matter wliich had often been attempted 
before — an accurate description of the data contained in every 
single published paper. He got within a half dozen. In 
“ Diphtheria ” he contributed 100 pages of bibliography to 426 
pages of text by seven authors. All papers, except thirteen, were 
consulted “ with care ” in the original, but, it will be understood, 
not consulted to obtain data useful in the deliberations of his 
co-authors, but consulted to ensure bibliographical accuracy. 

. As historian 

It is probably as a historian that Bulloch’s name will be most 
remembered after Iris personality has faded away. But though his 
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last work — -The History of Bad&iology — -gives an admirable 
summary of the earlier developmental trends in tins new subject, 
his chief delight was the recording of the lives and charaoters of 
individuals His History contains some 50 pages of biographical 
notices of bacteriologists, mostly deceased, and even though these 
are very short tiiej represent the result of considerable labour 
These notices are, how ev er, mere ‘ liv es ” vnthout the “ characters ” 
They are the bare bones without the flesh with winch we know 
well ho could have clothed them It would appear that the private 
lives of bacteriologists are, or at least were bordering on the 
scandalous, and thus much of the fruits of Bulloch’s gleeful researches 
have not been published It is understood that he left behind a 
mass of data, and it may be hoped that some of this, after expurga 
tion, may appear in print 

Apart from his History, which was founded on the historical 
notes which he contributed to the System of Bactenoloyy of the 
Medical Research Council Bulloch contributed to the journals no 
less than tw elve appreciations or obituary notices of bacteriological 
“characters” and colleagues a task for which he was speciallv 
suitable as so manj of them w ere personally knovni to him 

He was judged worthy of the Fellowship of the Roval Society 
(1913) and of the LLD of his Alma Mater (1920) while our own 
Society, of winch he was an original member elected him an 
honorary member in 1938 

In the WTiter’s v lew Bulloch mil not bo remembered b\ posterity 
for any achievement m pathology but for his contributions to 
history, and without any doubt that was liis aspiration His 
contemporaries are, however, able to take into account attributes 
of which posterity cannot judge Neither his repute as a historian 
or bibliographer, nor his repute as a pathologist accounts for tlio 
respect in which we held him With us Bulloch s chief asset was 
his personality He was a man of impressive learning who 
nevertheless behaved with simplicity and even levity without 
losing the rcsjiect of liis juniors He had many friends in all classes 
and in all spheres He w as approachable by all and cultiv ated all 
If he did not influence all, he influenced many 

Inl923BulIochiiiamedIreneAdelaide, wudow ofllrA A Baker, 
and entered ujion a period of serenity which even the slow progress 
of his last illness did not affect 

Wo offer our sympathy to Mrs Bulloch and to her daughter, 
Sirs Clifford Dobell 


p r 
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1875-1941 
(Plate XXII) 

By the death of Stanley Guffitli, i^athology has siilfcied a sad loss 
Evei since 1903, ^\jlen ho began to •work for tlie Ro 3 %'il Commission 
on Tuberculosis, he had devoted himself almost ontiiety to the 
studj of the various kinds of tubeicle bacilli and other acid fast 
micro organisms and then relation to the different manifestations 
of tuberculous disease in man and animals Although owing to 
his retiring disposition, he was known intimately to but few of ins 
colleagues, he had acquired an international reputation as the 
leading authority on his subject, and he had made friendly contact 
with fellow workers in Pans, Berlin and Copenhagen It is to Iniii 
mamly that we owe our knowledge of the proportion of deaths 
caused by bovine infection m each of tlie kinds of tubeiculosis 
occurring m man Tlus he found varied in different places being 
considerably higher in Scotland and some of the northern parts of 
England than elsewliere His most important dlsco^e^y together 
with W T Jlunro, was tiiat a not inconsiderable number of cases 
of chronic pulmonary tuberculosis weio caused by the boMne tyi>e 
of tubercle bacillus This was contrary to the opinion pre\iousIy 
held, that practically all such cases were derived from otlier similar 
cases Among the 2371 cases of the kmd from Scotland examined 
by himself and his colleagues, the proportion infected with the 
bovine bacillus was found to be as high as 5 4 per cent 

Though some of us may not agree watli Ins opimon that the 
bovine type of tubercle bacillus is at least as virulent for man as 
the human type, if not more so, we must all admit that Griffith 
has shown that infection of man fioiii the tuberculous cow is far 
from insignificant, and that Kocli for once, was wrong when he 
declared at the British Congress on Tuberculosis held in London 
ill 1901, that the risk of infection of man by the milk and flesli of 
tubeiculoub cattle was haidly greater than the risk of hereditary 
tiansniission, and that he did not deem it necessary to take an-y 
measures against it If Gnffith had done nothing else, lie has 
earned our gratitude by showung hov^ necessary it is to guard the 
purity of our milk 

Gnffith v\as the first to show that a Jaige proportion (about 
one half) of cases of lupus were due to the bovine tvpe of the 
tubercle bacillus This, I think, was quite unexpected He was 
also mteiested in attenuated strains of tubercle bacilli of both human 
and bovine type, the majority of which have come fiom ca‘=^es of 
lupus He also ‘itudied tlie value of immunisation with the 
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attenuated strain of Calmette and Guerin, as well as the more 
recently discovered vole bacillus of Wells, which he 'Considered 
more efficient as an immunising agent than the former. He also 
showed the danger of attempting to immunise cattle with the 
human type of bacillus, and pointed out that it might get into the 
millv of the heifer and even affect its calf. 

Griffith died at the age of 66. Up to August 1939 he had been 
full of work. He had gone to Saltdean, near Brighton, for the 
week-end, when he was seized with a heart attack which was followed 
by cerebral embolism. He made a partial recovery and returned to 
Cambridge in November. Though not paralysed, or at least only 
to a trifling extent, Ids speech was slightly affected. His condition 
improved from time to time, but at intervals there were set-backs, 
and from the first there was no hope of his complete recovery. For 
eight months or more he was confined to bed. Nevertheless he kept 
cheerful, Ids mind was as bright as ever and he was busy vTiting and 
correcting papers for the press right up to the day of his death. 
It was a mercy that he passed away peacefully on 9th April before 
the tragic death of his brother Fred, to whom he was devoted, and 
who was lulled 'with Dr W. M. Scott in an air-raid on London a 
few days later. 

Griffith was born at Eccleston in Lancashire in 1876. He was 
educated locally and at the Liverpool Institute, Medical Schobl 
and Royal In&mary, Liverpool. He took his M.B. and Ch.B. 
with second-class honours in 1897 and his M.I). (Viet.) in 1901. 
He took the D.P.H. of the English Royal Colleges in 1902 and the 
Ph.D. of Cambridge in 1926. He held the Derby Exhibition in 
Medicine at Liverpool in 1897 and was resident house physician to 
the Royal Infirmary and medical officer to the Lock Hospital in 
Liverpool in 1898. From 1899 to 1902 he held the Alexander 
Fellowship in Pathology. 

Through the influence of Professor Boyce he became, in 1903, 
one of the scientific investigators of the Royal Commission on 
Tuberculosis, which had been set up in consequence of Koch’s 
announcement at the Tuberculosis Congress already mentioned. 
The Commission had two experimental farms at Stansted which 
had been placed at their disposal by Sir James, afterwards Lord, 
Blyth. Griffith went at first to Walpole Farm, where material 
from tuberculous animals was being investigated, but after a year 
he moved to Blythwood Farm, wliich dealt ydth material from 
cases of the human disease. For seven years he worked for the 
Commission, and when it finally made its report he came, at the 
invitation of Sir G. Sims Woodliead, to Cambridge. In the small 
corrugated-iron laboratory buildings which the Commission had 
built at Blythwood, and which had been removed to the Field 
Laboratories on the Milton Road about a mile or two from 
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Cambridge, Griffith m oiked for the re^t of his life, fii'sfc as Grocer’s 
scholar from 1911 to 1914, and then as a member of the external 
scientific staff of the Medical Research Council, m uhose serMce 
he remained until his death Since 1920 he had been a member 
of their Tuberculosis Committee In 1927 he -uas awarded the 
Weber-PaiLes medal of the Rojal College of Phjsiciai^ for lus 
nork on tuberculosis and in 1939 uas made a Compamon of the 
Order of the British Empire After coming to Cambridge he joined 
JIagdalene College In 1927 he married "Mrs A N Beech 

Griffith uas exceedinglj’ careful and painstaking m all he did, 
and he devoted himself almost exclusiveh to lus uoik His outside 
interests uere fen, though he lo\ed to roam on the Sussex Downs 
during his short and mfrequent holidays, and he u as an interested 
member of the Cambridge Antiquarian Societj I do not 
remember lus ever plajung golf, but he enjojed lawn tennis in his 
younger dajs and he kept a canoe for journeys on the Granta 
His home, Paradise House, Hewnham, vas on an island almost 
co\ered bj trees Latterl} his onlj hobby uas beekeeping, and 
there vere many hives m his woodland gaiden I sometimes think 
he was like lus bees, immersed m lus one peculiar task and caring 
little for anything but that and lus home 

Ho IS survived by JIrs Gnffith and one son aged 12 Though 
known intimatelj bj few, he w’as greatlj loved by those who were 
priMleged to come into contact with him, and h} them he will bo 
sorely missed He w as an original iiiembei of our Soclet^ 

L C 

To many pathologists Arthur Stanley Gnffith was no more than 
a name, a name most honourably associated wuth a hfetime demoted 
to tlie bacteriology of tuberculosis 

E\en m Cambridge few of his colleagues or of Iiis neighboui*^ 
luiew him really well, but to many people he was a familiar figure 
as he passed on lus bicycle along the Backs e\ery monung to lus 
work, every evening to lus home, with the pimctual regularity by’^ 
which all lus life was ordered 

Precise, formal, almost cold, but always, courteous in lus dealings 
with his fellow men, he did nothmg to invite fnendsluj) but the few' 
who surmounted the bamer of lus reticence were rewarded by a 
loyalty' as generous as it was iindemonstratu o He was in fact a 
kmdliearted but most modest man and, if lus colleagues often 
found that he was slow, even unwillmg, to undertake a suggested 
task, they knew that his reluctance was due to an unshared doubt 
of lus own abdity to fulfil their avasli, for lie would give nothmg but 
Ills best and ho judged liimself by no low standard A lecture to 
students, the reading of a paper to a society , e\ en an mformal talk 
on lus own work cost him a great effort and hours and days of 
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prejiaration. But on the rare occasions vhen he n as persuaded to 
tallv about liis work, he expre.ssed in a few well weighed words the 
results of much and most careful work. His published papers, the 
record of the labours of a lifetime, have been and will remain a 
most im]7ortant source of our knowledge of the bacteriology of 
tuberculosis. H. R. D. 
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204 (A^^an tuberculosis), pp 204 219 (Tuberculosis, m animals), 
pp 222 225 (Toxic substances of the tubercle bacillus), p 225 
(Symbiosis), pp 225 227 {Vmilcncc of tubercle bacilli), pp 227 228 
(Natural resistance in man), pp 289 305 (Differentiation of the ttpes 
practical considerations), pp 326 332 (Tuberculosis m cold blooded 
nnimaln) 
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G DREYEiiandR L Voixmi Mutation and pathogenicitj experiments uith 
BCG [Report on two cultures by A S GRiFFmr} Lancet, 1931, 
1 , 14 15 

J B Bux-tov and A S Griffith The use of B C G m the vaccination of 
calves against tuberculosis An interim report Lfincct, 1931, i, 393 
401 , and Univ Camb Inst Animal Path , Second Report, Ca»n 6 rirf 3 e, 
1931, pp 28 45 

Clironic infection of the udder of a goat with av inn tubercle bacilli J Comp 
Path <t Therap . 1931, xhv, 144 148 

Studies of protection against tuberculosis Results witli BCG vaccine m 
monkojjs Medical Research Council, Spec Rep Scr , no 152, Leaden, 
1931 

A h Griffith, J B Buxton and R E Glov'ER Further results of immunity 
experiments on calves with the BCG vneemo ITnu Camb Inst 
Animal Path , Second Report, Cambndge, 1931, pp 46 52 


1932 

The relative incidence of human and bovine tubtrcle bacilli m tubirculoux 
meningitis m England Tin's Journal, 1932 \\\\ 97 102 
A S GRirriTH and T Mu^*RO The relative incidence of the human and 
bovine tjpes of tubercle baciHi in iuiman tubirculosis m Scotland 
This Journal, 1932, xxw, 271 281 

A studj of the BCG strain of tubercle Imcillns itli an account of two 
immumtv experiments and n prohmmarj report on tJu cultivation 
of tubercle bacilli on bilo media Lancet 1932 i 303 308 and 3GI 363 
L J Harris, J R M Innfs and A S Griffith On the pathogcncMs of 
av itammo-'is A Vitamin ns the anti keratmi-sing factor [Infliunce 
ofvitamm Adeficicncv on tubercle mfvctionm rats b\ A S Griffith] 
Lancet, 1932 u G16 fiI7 

Observations on the bovnne tubercle bacillus m human tulx'rculo-'is Bnt 
Med J , 1932 11 501 503 

Human tubcrculosi-. of bovine origin Edtiib Med J , 1932, xxxi\, 177 189 
R h Cornell and A S Griffith Tjpes of tubercle bacilli in swmo 
tuborculo=!is Vet Pec , 1932 xii, 34 37 
Die Tnberkrlbarillentvpcn beim Lupus Z Tvherk , 1932, Kiv, lOS 119 
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1924-25 

Discussion on tbo control of tuberculosis and the milk supply. ' Proc. Roy. Soc. 

Med., 1924-25, xviii, Joint discussion no. 5, 88-91. i 

The serological classification of mammalian and avian tubercle bacilli. 
Tubercle, 1924-25, vi, 417-43C. 


1925 

The danger of tuberculous milk. Vet. J., 1925, Ixxxi, 1C7-171. 

Tuberculosis of the sheep. J. Comp. Path. <0 Therap., 1925, xxxviii, 157-180. 
Causes and prevention of tuberculosis in children. National Association for 
the Prevention of Tuberculosis. 11th Annual Conference, 1925, p. 28. 
(Ab.str. in Brit. Med. J., 1925, ii, 73.) 

1926 

Tuberculosi.s of the cat. J. Comp. Path, do Therap)., 192C, xxxix, 71-79. 


1927 

Excretion of avian tubercle bacilli in the milk of goats after subcutaneous 
inoculation. J. Comp. Path, do Therap., 1927, xl, 290-293. 

Tuberculosis of bovine origin in the human subject. Report of the proceed- 
ings of the National Conference on Health, ^Maternity and Infant 
Welfare, 1927. 

1928 

The types of tubercle bacilli in human bone and joint tuberculosis. This 
Journal, 1928, xxxi. 876-896. 

W. T. iltrXRO. Bovine type tubercle bacilli from sputum in pulmonaiy 
tuberculosis. An accormt of five cases. [Observations on the 
characters of the tubercle bacilli from four of the above cases by 
A. S. Griffith.] Lancet, 1928, i, 385-386. 

Tuberculosis of the domesticated species of animals. ./. Comp. Path. cG 
Therap)., 1928, xli, 53-75 and 109-122. 

1928-29 

Tuberculosis in captive wild animals. J. Hyg., 1928-29, xxviii, 198-218. 

1929 

S. R. Gloyxe, R. E. Glover and A. S. Griffith. Experiments to determine 
whether there is a filterable form of the tubercle bacillus. This 
Journal, 1929, xxxii, 775-786. 

Types of tubercle bacilli in human tuberculosis. This Journal, 1929, xxxii, 
813-840. 

G. W. Dunkix, P. P. Laidlaw and A. S. Griffith. A note on tuberculosis 
in the ferret. J. Comp. Path, do Therap., 1929, xlii, 46-49. 

1930 

Die Tj'pen der Tuberkelbazillen bei der menschlichen Tuberkidoso in 
Grossbritannien. In Engel and von Pirquet’s Handbuch der 
Kindertuberkulose, Leipzig, 1930, vol. i, pp. 9-19. 

Spontaneous tuberculosis in the guinea-pig. This Journal, 1930. xxxiii, 
153-155. 
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1937 

L\p(rmuntal tuborculo'^is m fifl»l\o!ts and mice I Rcc , 1937, 

9S2 984 

Tv-pcs of tubercle bncilh in tqmm tnlK*rculo»i'< / Coinj) Puth tt Thcrnjj ^ 
1937, 1 119 172 

1937 38 

Hovmo tubcrculo^i-' m tin Immun subject Proc Roif &oc Med, 1937 38, 
vxM 1208 1212 


1938 

A S CiRiFriTK nml J faviTU Bormt phtltHis jt>< incultnt* jn north cost 
Scotland, count\ andciU Lnneet 1938 i 739 742 

A\mn tubercle bacilh m the xuUki of a goat — change of S to R forms 
Comp Path d Therap 1038 \\ 171 IG7 


1938 39 

Infections of wild auimaU with tubercle bacilli and othei ncul fast bocilb 
Pioc Roy Soc Med 1938 30 \sc\ii 1405 HU 


1939 

The su^ccptibihu of the gokkn hamster (Cncctai anra^jw) to box me human 
and avmn tnbexcU bacilh and to tht ^ole strain of acul fix'll bncillv\s 
(Wclh) Histological oliseixations b\ \V Paofl / Hyg 1030, 
x\\i\, 164 1()0 

The relative su«!ceptibiht\ of the field toU to the bcxmit human and a\*jan 
typ(‘'i of tubercle bacilh and to the \ole strain of acid fa'xt bacillus 
OMK r\ \.n, SSd> 

A S ORiFFiTn and R E Glover Immunitv experiments on guinea pigs 
with killed tubercle bacilli and RCfi 7 Comp Path d Tltcrap 103^), 
In, 77 08 

1940 

The propoitional frequeuej of the hximnn and bovine tjTpcs of tviberUc bacilh 
m human pulmonarj tuberculosis in the middle and south of Scotland 
J Hijg , 1940 xl 305 37C 

A S Griffith and T Daixino Inoculation and immunity experiments ou 
calves with the vole strain of acid fast bacillus Histological observa 
tions by W P\CFL J Ht/ 9 , 1940 xl, 673 680 

A S Griffith and J Svimi Types of tubercle bacilli in pulmonsrj tuber 
culoMs m north east Scotland Lancet 1940 11 291 294 


1941 

The problem of the virulence of tlio tubercle bacillus Tiiherde, 1941, xxii, 
33 39 
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1933 

W. M. CmiMiXG, W. FosrER and R. O. Gikdwood. Pulmonary tuber- 
culosis -with the bovine type of bacillus in the sputum ; fomtecn 
new English cases. Part III. Observations on the character.s of tho 
tubercle bacilli, by A. S. Griffith. This Journal, 1933. xxxvi, 
164-167. 

A. S. Griffith and W. T. Muxro. Phthisis pulmonalis due to the bovine 
type of tubercle bacillus ; an account of ten new Scottish cases. 
Lancet, 1933, i, 399-403. 

A. S. Griffith and G. J. SujMJIERS. Human and bovine infections in bone 
and joint tuberculosis ; their proportional frequency in .south-west 
Scotland'. Lancet, 1933, i, 875-876. 

A note on Prof. E. Loowenstein’s blood cultures of tubercle bacilli. Lancet, 
1933, ii, 592. 

1933-34 

Obser\’ation.s on the “ M ” strain of acid-fast bacilli. Tubercle, 1933-34, xv, 
53-59. 

1934 


Incidence of human and bovine bacilli in tuberculous meningitis. Lancet, 
1934, i, 1382-1387. 

1935 

A. S. Griffith, J. B. Buxton and R. E. Glover. Immunisation experi- 
ments on calves with BCG. Lancet, 1936, i, 461-457. 

A. S. Griffith and J. Sjiith. Bovine phthisis : its incidence in north-east 
Scotland ; county cases. Lancet, 1935, ii, 1339-1342. 

A. S. Griffith and W. T. Munro. Family tuberculosis due to bovine 
tubercle bacilli. Brit. Med. J., 1935, ii, 147-150. 

J. M.-Alston and A. S, Griffith. Renal tuberculosis. II. The bacterio- 
logical characteristics of the tubercle bacilli. Edinb. Med. J., 1935, 
xlii, 175-176. 

Tlie blood culture of the tubercle bacillus according to Loewenstein. 
2. Tuberculous bacillicmia. Quart. Btdl. Health Orgqn.. League of 
Nations, 1935, iv, 283-303. II. Reply to Professor Loewenstein. 
Ibid., 1935, iv, 833-835. 

Tuberculous bacilL-cmia. Acta tuberc. Scand., 1935, ix, 229-252. 


1936 

A. S. Griffith and J. Menton. Human tuberculosis of bovine origin in 
Staffordshire. Brit. Med. J., 1936, i, 524-526. 

Naturally acquired tuberculosis in various animals. Some unusual -casi's. 
j'. Hyg., 1930, xxxvi, 156-168. 

R. E. Gloihr and A. S. Griffith. Avian tuberculosis in cattle. Univ. 

Camb. Inst. Animal Path., Fourth Report, Cambridge, 1936. pp. 94-102. 
J. B. Buxton, R. E. Gvover and A. S. Griffith. Duration of the immunity 
produced in calves by the BCG vaccine. Univ. Camb. Inst. Animal 
Path., Fourth Report, Cambridge, 1936, pp. 202-279. 


1936-37 

Mixed infections with human and bovine tubercle bacilli in the human subject. 
Tubercle, 1930-37, xviii, 193-198. 

Bovine tuberculosis in man. Tubercle, 1930-37, xviii, 529-543. 
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1937 

EKpcninontal tuberculosis ui floW-volcs timl mice. \'c(. Tice., 1937, xliv, 
982-984 

Types of tubercle bacilli in equine tulxjrculosi.,. ,7 Comp. Path, tb Theiap., 
1937, 1. 159-172. 


1937-38 

Ilovino tuberculo-Nis in. the humi^n subject. Proc. Jiot/. Soc. Med., 1937*38, 
wxi, 120S-1212 

1938 

A S. LSriffith and J, Smith. Bo\me phthisis: its mculeute in north-casfc 
Scotland ; county and city cases Xiuncct, 1938, i. 739-742 
Amuo tubercle bacilli m tho uddei of a goat^ — change of S to R forms. J. 
Comp. Path. <C- Thcrap , 1938. h, 1SMG5 


1938-39 

Infections of miUI animals with tubercle bacilh and other acul-fast bacilli. 
Proc. Pot/. Soc. Med , 1938-39. wxu, 1405-\4U 


1939 

The uUsceptibilitN of tlu golden hamster {Cr/cetus auratus) to bo\ uu . human 
and nvian tubercle bacilli and to the \olo stnun of acid fn'*t baoiUu'j 
(Wells). Histological observations by W. Paot:!- J Htjq . 1939, 
XNXiK, 1G4-IG0. 

The relative smceptibility of tho field-vole to the bovine, human and OMan 
types of tubcrch bacilli and to the \olo strain of acid-fast bncillas 
/nwj-?. m77. J. mi>. wvix. 544 - 259 . 

A. S. GnirpiTH and R. E Glover Immunity evpenments on guinea-pigs 
With killed tubercle haciUi and RCC. J. Comp. Path tb Thcrap., 1939, 
Hi, 37-(>8 

1940 

The proportional frequency of the human and bovine types of tubercle bacilli 
in human pulmonary tubcrculo^^is in the middle and south of Scotland. 
J. Bxjg., 1940, xl. 3C5-37G. 

A. S. Griffith and T. Dalling. Inoculation and immunity experiments on 
calves with the \ole fetram of acid-fast bacillus. Histological observ’a- 
tions by W, Pagel. J. Htjg., 1940, xl, 673-680. 

A. S. Griffith and J. Sscmi. Tj^pcs of tubercle bacilli in pulmonary tuber- 
culosis in north-east Scotland. Lancet, 1940. u. 291-294. 

1941 

The problem of the virulence of the tubercle l>acvllus. TuhercJe, 1041, xxti, 
33-39. 
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MilUam flDc2)onalb Scott 

1884-1941 
(Plate XXIII) 

OuB Society has sustained a great loss by the death on the night of 
16th-17th April, through enemy action, of Dr W. M. Scott. He 
has been described as one of the best all-round bacteriologists in 
tins country, an opinion with which few of us will disagree. His- 
knowledge in the field of bacteriology as applied to epidemiology 
and preventive medicine was unrivalled and during the last ten 
years he had come to be regarded both in this country and abroad 
as the authority on the Salmonella and dysentery groups of bacteria. 

William McDonald Scott Avas born in Nyasaland in 1884 of 
Scots parents. He spent liis early boyhood in Dumfriesshire, 
where liis father had settled in general practice, and he Avas educated 
at Dumfries Academy and the University of Edinburgh, AA'hicli he 
entered in 1900. After a brilliant academic career he graduated 
M.B., Ch.B. Avith first class honours in 1905. In the folloAA’ing year 
he took the Diploma of Tropical Medicine and Hygiene and ii\ 
1907 graduated B.Sc. (Public Health). From 1906 to 1908 as 
McCumi Research Scholar Scott Avorked, at first under Professor 
Hunter SteAA'art in Edinburgh and later under Professors Gruber 
and Emmerich in the Hygienisches Institut of the University of 
Munich, on the conditions aftecting the persistence of typhoid 
bacilli in contaminated soil. Thus early he became interested m 
the practical application of bacteriology in relation to the spread 
of infectious disease. During part of his stay in Slunich he also 
worked in the chemical laboratory of Professor Soxhlet on the 
quantitative transfer of decomposition products of protein by water 
currents in the soil. From 1908 to 1910 he Avorked as Carnegie 
Research Scholar in the research laboratory of the Royal College of 
Physicians of Edinburgh under Professor James Ritchie on the 
identification of bacterial species by serological methods, a subject 
on AA'hich he aabs later to become an acknowledged master. At tliis 
period he became interested in the mechanism of the anaphylactic 
reaction. His interpretation of careful and detailed experiments on 
the rabbit has been recognised by subsequent Avorkers in this field 
as essentially correct and the AA'ork formed part of liis thesis Avhioh 
was submitted for the ]\I.D. degree of the University of Edinburgh 
in 1910, and aa-’McIi gained for liim the award of a gold medal. 

From Edinburgh Scott moved to Cambridge AAdiere, as Jolm 
Lucas Walker Student in Pathology (1910-12), he worked under 
Sims Woodliead. His principal research during tliis period was on ' 
the effects of ultra-violet light on the physico-chemical properties 
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of proteins in solution, and he also carried out experiments on the 
mechanism of the disinfectant action of such rays on water — a 
procedure wliich in recent years has become one of the recognised 
methods of disinfecting the water of scumming baths. In 1911 he 
worked for some months with Professor Besredlca in IVIetclmikoff’s 
laboratory at the Pasteur Institute in Paris on the behaviour of 
trypanosomes in immunity reactions. In 1912 he ^ent as Govern- 
ment Pathologist to the Straits Settlements and during tbe sixteen 
months that he held tliis post he made a special study of amoebic 
and bacillary dysentery, a^ disease the bacteriology of which %\as 
later to occupy much of Ms attention. From the temporary post 
in the Straits Settlements he returned to Cambridge as assistant 
to Sims Woodhead and carried out a research on the specific 
bactericidal properties of quinine derivatives. 

In 1914 Scott became medical officer of health to the North-East 
Kent United Districts. Wliile holding tMs office he was invited to 
collaborate with the bacteriologists in the Local Government 
Board laboratory in an investigation of the mode of spread of 
cerebrospinal fever and thus began his close association with Fred 
Griffith which endured for the rest of their*lives. The conclusions 
reached in this enquiry were taken as tbe basis for administrative 
action in relation to tlus disease and for the application of serum 
therapy. In 1917 Scott resigned Ms post vitli the North-East Kent 
authority on Ms appointment to the permanent staff of the Local 
Government Board laboratory wMch became in 1 919 the pathological 
laboratory of the Jlinistry of Health. In tMs Seiwice he remained 
until Ms death. His earlier traimng and experience and his natural 
ability qualified him for the eminent position wMch he vas to 
occupy in the Llinistry of Health laboratory as an authority to 
whom appeal could be made in the wide field of bacteiiology in its 
relation to public health. 

Latterly much of his time was devoted to the organisation and 
administration of the Emergency Public Health Laboratory Service 
which came into being on the outbreak of v’ar and just before his 
death he was appointed senior medical officer in charge of the 
newly created Laboratory Division of the Ministry of Health. 

^though the list of Scott’s publications is not a very long one 
and is by no means a complete measure of bis services to British 
bacteriology, it serves to indicate the vide field which liis u'ork 
covered. He never lost his interest in the subject of anaphylaxis, 
which had engaged his attention in Ms earlier years ; his contribu- 
tion on “ Anaphylaxis and related phenomena ” in the iMedical 
Pesearch Council’s System of bacteriology published in 1931 is a 
complete and critical accoimt of the subject at that time and is 
regarded by many as one of the best sections in the System. TIio 
studies on meningococci made in collaboration with F. Griffith 
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Ijetweeii 1915 and 1917 involved a detailed examination by cultural 
and serological methods of many strains of meningococci isolated 
from tlie cerebrospinal fluid and from the nasopharynx. Using 
methods of agglutination and absorption of agglutinins, meningococci 
•were divided into Wo main serological groups. Jlany of the strains 
isolated from the normal nasopharynx fell into the same serological 
groups as did those from the spinal fluid of cases of meningitis. On 
reading their reports it is difficult to escape the conclusion that 
little new has since been added to this subject. 

IMany of Scott’s published papers deal with the identification of 
pathogenic bacteria b}'^ serological means, for he airpreciated that 
only by exact knowledge along these lines could many of the 
problems in the epidemiology and control of infectious diseases 
be solved. His work on the serological characters of influenza 
and diphtheria bacilli had no obvious practical applications in the 
field of public health but similar studies on the Salmonella have 
been of great scientific and practical interest. He quickly 
a])])reeiated the importance of Sir Frederick Andrewes’s work on 
diphasic variation and applied the new knowledge to the identifica- 
tion of difficult Salmonella strains. In differentiating the Thomson 
type of Salmonella he introduced the technique of growing the 
organisms, winch appeared to possess only group flagellar antigens, 
in a medium containing group anti-serum and by^ subsequent 
colony selection succeeded in obtaining cultures which j^ossessed a 
hitherto unknown specific antigen. Scott became the acknoAvledged 
expert in this field of bacteriology, and in collaboration with others 
defined several new Salmonella types or determined the association 
of types previously found oidy in animals with human infections. 
In an excellent article contributed to the British Medical Journal 
in 19.30 he drew attention to the association of eggs, especially 
duck eggs, with food poisoning in man and was later able to prove, 
tlnough the isolation of Bacf. typhi murium from duck eggs and 
from the ducks of three flocks concerned with outbreaks of food 
poisoning, that eggs were the vehicle of infection. Scott excelled 
in the diagnosis of Salmonella and dysentery organisms bj^ slide 
agglutination of noir-lactose-fermenting colonies direct from plates 
of McConkey’s agar. In his search for a “ s]iecific ” Salmonella 
colony in stool cultures from cases of food ])oisonmg, he would 
examine with infinite patience upwards of a dozen colonies, testing 
each one ■with half-a-dozen different sera from the assorted collection 
of bottles kept in a wooden box always to be found on his bench. 
He had a flair for choosing the right sera, and time and again he 
was able to diagnose and report from direct cultures the ])resence 
of an •“ Aertrycke ”, a ” Newport ”, a “Dublin” or a “Sonne” 
or “ Flexner ” nothin twenty-four hours of receiving the specimens. 

During tlie la.st twenty years he played an important ]iart in 
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the investigation of every outbreak of enteric fever and food 
poisoning in vvJuch the assistance of the Ministry of Health had 
been invoked In the bacteriological examination of vv ater supplies, 
he acted as an official and unofficial court of appeal in cases of 
doubt or dilficulty, and in this capacity he holiied in the preparation 
of the memorandum issued by the Ministry on “ The bacteriological 
examination of water supphes **, m which a standard method of 
bacteriological testmg of vvatoi was proposed The method has 
been widely adopted in this and other countries He was a memher 
of the Preventive l^Iedicme Committee of the Medical Rcsearcli 
Council and the Noinenclaturo Committee and Salmonella Sub 
Committee of the International Association for Microbiology, and 
ho seiwed on the techmcal committee on scientific glassware of the 
British Standards Institution 

In lesearch work Scott was accurate in his methods, rosouiceful 
in planmng experiments and untiring in tlioir piosecution , not 
one of his findmgs has been called m question Although in later 
years ho devoted much of his attention to the Salmonella and 
dysentery bacilli, those who know him appreciated that ho had a 
compiohonsivo luiowledgo of the whole field of bacteriology such as 
few of his coutomporanos could claim Like many others ho was 
nevoi fond of wilting papers but bis stjle was simple lucid and 
forceful Hib aiticlos of a general cbaiacter such as those in the 
Lancet on “ BaciUaiy d^^sontory ** and “ The enteric feveis ” are 
cleai and effective The discussion on the cetiology of influenza in 
the section on “ The influenza group of bacteria ” in the System of 
bacteriology is an excolloiit critical review of the evidence available 
on the subject before the later woik on influenza viiuses 

Scott’s position at tlie Ministry of Health brought him into 
contact with medical officers of health and public health bacteno 
legists throughout the country and many have occasion to bo 
grateful for his expert guidance and assistance He seemed to 
know BO many thmgs not to be found in text books His help was 
frequently sought in the mvostigatioii of animal diseases and lus 
ojimion was greatly valued by woikcrs in this field Ho was, 
perhaps, more closely m touch with both voteiinaiy and medical 
bacteriologists than any other man m the country 

The team at Dudley House Avas a happy one and the dry wit 
and keen sense of humour of both Scott and Gnffith infused an 
atmospliere of cheerfulness into the giini and almost soidid 
surroundings in winch they worked Visitors to the Mmistij of 
Health laboratory, young or old, from this country or from abroad, 
wall hav e pleasant recollections of their meetings with Scott None 
vasited the laboratorj^ but went aw ay wntli now luiow ledge or tho w isoi 
for lus Ivindly counsel Complotoly unselfish, ho would go to great 
pains to help others and was wathal tlie most unassuming of men 
jouRV or ptTii — VOL tni v 
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Scott was a man of generous nature and liked the company 
of his fellows. The same friendly atmosphere wliich one encountered 
at the laboratory was even more in evidence in Dulwich or in 
Oxford, where many friends enjoyed the cheerful hospitality of his 
home. His sly humour, frequently exercised at the expense of a 
member of his family, was appreciated alike by the victim and by 
other members of his household. 

A good linguist, he spoke and wrote French almost like a 
native. He read widely and kept abreast of modern English ^and 
French literature. Apart from reading, his hobbies were gardening 
and .bee-keeping, and much of his spare time was devoted to his 
large garden and orchard at Dulwich. Ho enjoyed a game of 
tennis with the younger members of his family, and could sing 
a Scottish song with gusto. 

Scott’s promotion to the post of senior medical officer in the 
Ministry of Health just before his death was a well merited reward 
for his great services to bacteriology and to public health in the 
Department which ho had helped so much to build up. It -was for 
him a matter for special gratification that the importance of the 
bacteriological laboratory in public health work was officially 
recognised by the creation of a Laboratory Division in the Ministry 
of Health and it brought irearer to realisation his unselfish ambition 
for a national laboratory service. 

The gap left in our ranks by Scott’s death will bo very difficult 
to fill and to Ids many friends among pathologists, both medical 
and veterinary, Ids passing has left a very deep sense of 
personal loss. 

When working at the Pasteur Institute in 1911 vSeott met Ids 
future ^vife, Mle. Mollard, the daughter of a secretary of the Senate. 
In addition to his widow ho leaves four daughters and tlireo sons ; 
his eldest son. Major A. Scott, is at present serving abroad with 
the R.A.M.C. 

V. D. A. 

A. W. D. 
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Jfrancie ZTcinple 

1886-1941 

/ 

Whek Franci.s Temple Grey (barrister-at-law, deputy coroner 
for East Middlesex, and pathologist to the Princess Elizabeth of 
York Hospital for Cliildren and the East End Maternity Hospital) 
died suddenly and unexpectedly in January of tliis year at tlie 
early age of 54 the foren.sic and pathological branches of the medical 
profession lo.st an able and a learned man. His friends and colleagues 
are misssing something more — a deeply loyal, remarkable and in 
some ways intriguing personality. To liis colleagues of the children’s 
hospital at Shadwell he was above all things a first class morbid 
anatomifst and biochemist. His extensive knowledge was so ividely 
related that he was always able to bring it into vivid relationslup 
with clinical problems. He alwa 3 's seemed to gravitate to clinical 
work whenever the opportunity arose, and in talldng to him one 
sometimes got the impression that he regarded himself as primarily 
a clinician driven by fate to work in the post-mortem room. It is 
not surprising then that the bulk of his forty or fifty original papers 
deal direetty ivith bioehemistrj’’ in relation to clinical problems. 

Bom in South Kensington, he was educated at St Paul’s, 
Versailles and then went to Australia, where he studied medicine at 
Sydney University. At Sj^dney Hospital he was successively 
house surgeon, medical registrar and resident pathologi.st. After 
the last war he went to Oxford, and read law at Wadham College, 
where he took a first. 
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When tins uar started and the staff at Shad^\cll ^^as depleted, 
he organised the out patient department and did, competently and 
accurately, a great deal of the worlv himself, and its present 
comparatively fiounsliuig condition is in great part duo to lum 
At tiie East End Maternity Hospital he uas regarded not only as a 
pathologist, but, in an emergency, as a competent anrcsthetist and 
obstetrician as veil 

At the time of Ins death he v as at work on the notes and records 
of over 5000 post mortems v Inch he had hoped to incorporate in a 
book on morbid anatomy His knovlcdgo of histopathology and 
bacteriolog}^ was not nearly so extensive This, hovever, did not 
limit Ins usefulness, for ho never pretended to anybody , least of all 
to Inmself, that bo Iviicv when lie did not 

In the forensic field, coroners and magistrates soon discovered 
that he was a witness of unshakable reliability and ho gained an 
increasingly enviable reputation with botli bench and bar He had 
wTitten for the 1029 edition of the rncyclopccdia BrUanmea the 
articles on medical junspnidonco, capital punishment coroners and 
lunacy law i\rcmbors of the Grotms Society know lura as an 
authority on the law of extradition and on legal problems relating 
to territorial waters and the air 

A remarkable linguist, iio spoko French, Italian German and 
Spamsh fluently, Russian fairly well, and lie could read Portuguese, 
Dutch and modern Greek He never made a speech that was not 
well salted with quotations from the classics He was an expert 
yachtsman and licld a first mate’s certificate WIulo a surgeon 
in the Royal Navy ho was mentioned in dispatches for conspicuous 
devotion to duty wlicn HMS Gormialhs was sunk In addition 
to all this, ho and his wife were the centre of a largo and 
spontaneously happy family wJio will miss him deeply and long 

One may w oil ask how it m that a person so able and accomplished 
was relatively unknowTi except m one or two rather small circles 
The answer lies iji the fact that be was interested in relating tlic 
data which came under lus observation to estabhshed existing 
standards, and to do this he used all tlic resources of an able and 
wadoly stocked mind But his mind was not speculative , it did 
not occur to him seriously to question the validity of the existing 
framework of society, he wanted to conserve and strengthen 
rathei than to cliango and extend This is well illustrated by lus 
pride m the fact that ho was an active inspector in the special 
constabulary None who know lura would think that tius pride 
was the result of tiie power it brought rather it roprosentod, 
pcrliaps quite subconsciously, his owm very liuinblo picture of 
lumself in relation to the society m which ho lued One other 
fact gucs an interesting glimpse into a character simple and 
singulnily fice from modem conflicts He was the possessor of an 
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old, beautifully hand-worked sextant. “ It is ” he once said to mo 
“ the apple of my eye — it has no index error 

His calm acceptance of tilings as they were was sometimes apt to, 
irritate, but such irritation was merely passing and was quickly 
obliterated by the memory of much grave and courteous kindness, 
often almost unnoticed because it was a spontaneous and natural 
expression of his inner conception of his ordinary duties as a 
citizen. This is how he would best like to be remembered. 

H. W. S. Wright. 
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SPUTUM FILM CULTURES OF TUBERCLE 
, BACILLI : A METHOD FOR THE EARLY 
OBSERVATION OF GROWTH 

D. M. PRYOE 

From the E.M.3. (Sector VJ) Laboratory, Harefield Sanatorium 

(Plates XXIV-XXVII) 

Even with tho best methods of cultivation the growth of tubercle 
bacilli is slow. For this reason, if. experimental and diagnostic 
results are to bo obtained more quicldy, it is necessary to use soine 
method of micro-culture. The observer must provide himself -with 
a microscope and a method which will enable him to recognise 
growth whilst it is still invisible to the naked eye. 

Several methods of micro-culture have already been described. Wright 
(1924) and Fleming \ised slide cells and capillary pipettes filled vrith -whole 
blood inoculated with tubercle bacilli. Tlie blood was allowed to clot and 
the colonies which grew were stained with Ziehl*Ncelsen after dissolving 
away the Iwjmoglobm. Hesse, Meissner and Quast (1928) modified this 
technique and made an extensive investigation of the effect of dyes. 
Kahn (1929), using Chambers’s micro-manipulation apparatus, observed 
the growth of individual tubercle bacilli isolated in micro-droplets and 
described a life cycle. 

It is very doubtful if growth is any more rapid with micro- 
methods of culture than on ordinary media such as Petragnani’s 
or Loewenstein’s. Growth at first follows a geometrical progression 
and can be represented as a logarithmic curve. At first individual 
tubercle bacilli are visible with the in. objective. After some 
weeks colonies become -visible to tho naked eye. But long before 
this, if an appropriate technique is employed, colonies may ho 
rendered visible with a low power objective. The micro-methods 
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enable one to recognise growth more quickly — ^in a few days instead 
of weeks. It is merely a question of magnification. 

None of the previous micro-methods, however, conveniently 
permit observation of tubercle bacilli in sputum or other pathological 
material which is infected not only with tubercle bacilli but also 
with other organisms. They are purely experimental methods, 
using an inoculum of tubercle bacilli from a culture previously 
obtained in the orthodox way. The present method involves a new 
principle of technique which enables one to work with sputum. 

This new principle is very simple and is merely that tuberculous 
sputum films dried on glass may be treated with acid to destroy 
other organisms than the tubercle bacillus and incubated in contact 
with some suitable culture medium such as hajmolysed blood, the 
tubercle bacilM being thereby transformed in a matter of days into 
micro-colonies which can be stained with Ziehl-Neelsen and which 
are easily visible with the low powers of the microscope. Whilst 
most of the wwk has been done with sputum the method is also 
applicable to pus and caseous material. With material which is 
not secondarily infected prehminary treatment with acid is 
unnecessary. 

Obvious signs of growth can be seen with the ^ in. objective in 
24 hours. Colonies may bo just perceptible with the | in. objective 
in 48 hours. In 3 days they are usually quite distinct. Sometimes 
the baciUi appear to w'ake up and start growing at different times 
so that in 3 days only a few colonies may be visible, and in 5 days 
there may be considerable disparity in size. Each day’s mcubation 
makes a great difference to the size of the colonies whilst growffh 
is in its logarithmic phase. In a week the cultures are w'ell 
grown. The typical appearance of cultures at this time is shown 
in figs. 1-3. 

The tubercle bacilh do not appear to attack the mucus. They 
form colonies which merely lie embedded in it. Unstained early 
colonies appear as irregular clefts in the film. Eor this reason the 
bullc of the colonies in a week-old culture are in no way affected by 
the movements of the medium or the process of washing. The 
supernatant medium of luxuriant week-old cultures in Petri dishes 
can, however, be showu by centrifugalisation to contain bacfilary 
masses derived from some of the colonies which happen to lie on the 
surface. After more than one week’s incubation the large coiled-up 
colonies tend to rise above the upper sirrface of the film of mucus 
so that in the process of preparation of the stained film a scattering 
of free bacilli may be seen. 

The acid, besides Idlhng the non-acid-fast organisms, exerts a 
coagulating effect on mucus, winch is particularly well marked 
with the stronger solutions. This is an advantage, as the process 
is one of “ fixation ”. Most of the cellular elements of the sputum 
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film autolyse (figs. 4-7). Pus cells disappear rapidly but epithelial 
squames persist longer and may still be visible after a week. 
Sputum which has been liquefied by the action of bacteria is difficult 
to work with, as the films disintegrate. 

Much latitude is permissible in the use of acid. In one 
experiment with 3 sputa the same results wore obtained with 
5 per cent, sulphuric acid as with 25 per cent. Treatment with 
30 per cent, sulphuric acid was definitely harmful, but some slight 
growth with two of the specimens was obtained even after this. On 
the only occasion whoa 35 per cent, sulphuric acid was used it caused 
the sputum films to break up. 

The subsequent removal of the acid must be thoroughly carried 
out. With blood as medium, the acid left may attack the hremo- 
globin immediately, but concentrations insufficient to do this can 
inhibit growth. Many early failures were due entirely to this 
cause. Neutralisation is inadvisable, as alltalis dissolve mucus. 
Reliance must be placed on thorough washing with distilled water. 
At least two changes of water are needed and sufficient time 
(several minutes) must be taken over the process for the acid to 
diffuse out of the film. 

The only media which have been used so far are human blood 
and its derivatives. Whilst blood may not prove to be the best 
medium, it has in its favour that it is always to hand. Successful 
grou-th can be obtained with blood (whole, defibrinated or lysed) 
obtained by digital puncture, but it is perhaps better to got it by 
venepuncture. Stored citrated blood too old for therapeutic use 
serves admirably. Growth with serum alone is very poor. Citrated 
and defibrinated blood give equally good results, but the growth 
is best when the blood is lysed. Blood may bo lysed with an equal 
volume of distilled w.ater, but better lysis and possibly better gronth 
is obtained with a similar amount of a 1 per cent, solution of saponin. 
The clarity of saponin-tre.atod blood, however, is its chief advantage. 
Fleming, at a laboratory demonstration of the Pathological Section 
of the Royal Society of Medicine in 1937, showed that in a capillary 
tube tubercle bacilli grow much more rapidly in blood baked with 
saponin than in whole blood, or in blood in which the leucocytes 
had been killed by other means. 

Although growth may occur in tho presence of contamination, 
it is usually diramished or complctelj’ inhibited. Contamination 
may dissolve tho sputum film, alter the hmmoglobin and even 
make the medium putrefy. Caro should bo taken that the blood, 
distilled water and saponin solution are sterile. Although air ' 
contamination is not so serious as was at first thought, draughts 
and xmnecossary exposure should bo avoided. In certain teehniques 
a source of contamination which must bo prevented results from 
leakage of tho medium or tho formation of a film of moisture 



330 


D. M. PRTOE 


extending to an unsterUised surface. Occasionally contamination 
may be due to an acid-resisting organism. 

Proper bacteriological precautions should be taken in handling 
the cultmes and in the disposal of the' -washings. 

The general principle has been applied in many different ways : 
in slide-cells, on the floor of Petri dishes, on slides in Petri 
dishes, on the under surface of small slides in scre-w'-capped bottles 
horizontally incubated, on slides inside vaselined bakehte, metal 
or glass rings and on slides in contact -with hsemolysed 60 per cent, 
blood agar. The various methods may be classified into t-wo groups ; 
“ open ” methods, in Avhich the medium is exposed to moist air, 
and “ closed ” methods, in -winch the medium is sealed up -with 
little or no air. The open methods give better growth than the 
closed, but with well oxj^genated blood in adequate amount this 
difference is minimised. Thus -udth ordinary slide-cells the colonies 
at the periphery are much larger than those in the centre, where 
the available oxj^gen is soon exhausted. But with tliick cells this 
difference does not become apparent till incubation is prolonged 
more than a week. The use of an oxygen-carrying medium such 
as blood appears an important part of the teclmique, and -with the 
closed methods of culture almost an essential part. 

Of these technical variations only two will be described : the 
first, which -u'as originally employed and requires no special 
apparatus, and a second, -u-hich can be adapted to use very little 
medium and -which niakes it easy to preserve permanent preparations 
of the stained cultures. 

Method I. A 4-ir). Petri disli is selected -with a flat or slightly hollow 
bottom surface. The sputum is spread on this and dried. The film is treated 
-with 15 per cent, sulphuric acid for 5 minutes. The acid is removed -with a 
large teat and pipette, and the floor flooded -with about 6 c.c. of sterile distilled 
water from a test-tube. This is allo-wed to act for a minute or so, and the 
washing repeated. The medium is then added and the dish placed in the 
incubator for a week. As medium, one can use 5 c.c. of citrated blood and 
either 6 c.c. of -water, or better, of 1 per cent, saponin. Mflien incubation is 
completed the medium is washed off with -water and the film stained -with 
Ziehl-Neelscn. Coimterstaining -with methylene blue may be omitted. The 
culture is examined under the low-power of the microscope whilst wet with 
water or xjflol. 

Method II. One or more circular patches of sputum aro smeared on 
a glass slide and allowed to dry. A ring of hakelito, hard fibre or glass is 
immersed in melted vaseline and, after draining off the excess, is applied to 
the glass about each patch of sputum. Using a Pasteur pipette, 15 per cent, 
sulphuric acid is placed in the well of the ring, allowed to act for 6 minutes, 
and then removed. After first washing out the pipette the well is filled 
with 'distilled water. Two or tluee -washings suffice but each change of 
water should ho loft in for a few minutes. After the final washing the 
medium is added — anything from 5 drops to 1 c.c. or more according to the 
capacity of the ring. The cnltvues may be incubated open to the air in a moist 
chamber, or closed by applying a coverslip previously immersed in vaseline. 
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FiL 3I CU1.TUIIES or TOBCRCLE B4.0ILLI 



Fic 4 — Origmnl sputum film x200 Pic 5— Colonies from some sputum as in 

fig 4 nftor three da^s incubation x200 



Fk G — Colonies from samo sputum nftor Fic 7 — Colonies from samo sputum after eight 
Six daj s’ incubation x200 dajs’ meubation x200, 
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Plate XXVI 


Film coLTimKs of tubercle bacilli 



Fio 8 — Branching forms of tuberclo baet]U in 6 fUij cultiiro, with original sputum film 
bolotr X 1600 
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being about half the length of those in the 6-day cultures. This 
imphes that groAvth does not occur tliroughout the length of the 
thread but is restricted to certain points — ^probably the tips. It is 
hkely that branches take origin at secondary growth centres Tvhich 
develop at points where, if fission were unimpaired, the thread 
would have divided. 

In figs. 9 and 10 are sho^vn peculiar forms wliicli may be identical 
with the “ splitters ” of Spengler. In the original sputum they 
occurred as rounded nests of rather small bacilli. These nests, which 
wo\ild have grown rapidly had thej’^ been ordinary clumps, were 
actually very little or not at all altered after 6 days’ incubation. 
In that time the ordinary forms had gro^vn into typical coloriies. 

Young colonies (i.e. rapidly growing bacilli) stain very slightly 
with methylene blue, but occasionally one meets with a strain 
which stains deeply — chromophilic type of Pagel (1934). This is 
exemplified in figs. 11 and 12. All the colonies in tliis culture were 
acid-fast when decolourised for only 5 minutes, but after treating with 
15 per cent, sulphuric acid for 30 minutes, many of the colonies were 
decolourised and subsequently stained rapidly and deeply vdth 
. methylene blue. This was not just a matter of accessibility of the 
acid, because in thick parts of the film red colonies were often 
superimposed on blue colonies. 

Clinical application 

That sputum film cultures may prove useful as a diagnostic 
procedure is suggested by the results, of an early clinical trial uuth 
sputa from 48 cases in one of the male wards at Harefield Sanatorium. 
In this series method I was employed, only 5 c.c. of medium (2 c.c. 

' of blood and 3 c.c. of water) bemg used. Evaporation was prevented 
by closing the dish with adhesive tape and the use of a disc of 
sterihsed filter paper in the roof which was moistened with sterilised 
distilled water. In 28 grovdh was luxuriant and immediately 
obvious. In 14 there was no growth. Of these 3 must be regarded 
as failures, as baciUi were found in the direct films. The other 11 
showed no tubercle baciUi in the film and may be regarded as 
negatives. In most of these the material was salivary. In 6 cases 
colonies grew which were sparsely distributed. In 2 of these bacilli 
were present in the direct films, but in 3 cases the direct films were 
negative. The film of the remaining case was not available for 
examination. 

Whilst the investigation of positive sputa rvill yield results of at 
least academic interest, what mostly concerns the clinical pathologist 
is the identification of tubercle bacilli from cases in which examma- 
tion of direct films is negative. It takes approximately the same 
time (about 3 minutes) to examine 1 sq. mm. with the ^ in. objective 
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Tilm ccltokf'? or TcnrRCLc bjccilli 






i . . 1 

; 

' ^ ^ 

• 

' 



' > ' , i 

y 

•i 

■ J 

1 

i 



Flos 9 and 10 — Abo\6, peculiar nosts (?“ splitters ” of Spenglor) in original sputum 
film (fig 9) and in a 0 day culture (fig 10) shouing little change bolou, bacillus 
and des olopod colonj x 1000 



Figs ll and 12 — Red and blue colonics from 7 daj culture, stain Zichl Nrol^n 
XloOO 
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being about half the length of those in the 6-day cultures. This 
implies that growth does not occur throughout the length of the 
thread but is restricted to certain points — ^probably the tips. It is 
hkely that branches take origin at secondary gro-ndh centres which 
develop at points where, if fission were unimpaired, the thread 
would have divided. 

In figs. 9 and 10 are shown peculiar forms wliich may be identical 
with the “ splitters ” of Spengler. In tlie original sputum they 
occurred as rounded nests of rather small baciUi. These nests, which 
would have grown rapidly had they been ordinary clumps, were 
actually very httle or not at all altered after 6 days’ incubation. 
In that time the ordinary forms had gro^vn into typical colonies. 

Young colonies (i.e. rapidly growing bacilli) stain very slightly 
with methylene blue, but occasionally one meets -with a strain 
wliich stains deeply — ehromophilic type of Pagel {1934). This is 
exemplified in figs. 11 and 12. AH the colonies in this culture were 
acid-fast when decolourised for only 5 minutes, but after treating with 
15 per cent, sulphuric acid for 30 minutes, many of the colonies were 
decolourised and subsequently stained rapidly and deeply -with 
methylene blue. This was not just a matter of accessibility of the 
acid, because in thick parts of the film red colonies were often 
superimposed on blue colonies. 

Clinical application 

That sputum film cultures may prove useful as a diagnostic 
procedure is suggested by the results, of an early clinical trial ^vith 
sputa from 48 cases in one of the male ■ivards at Harefield Sanatorium. 
In this series method I was employed, only 5 c.c. of medium (2 c.c. 
of blood and 3 c.c. of water) being used. Evaporation was prevented 
by closing the dish with adhesive tape and the use of a disc of 
sterilised filter paper in the roof wliich was moistened with sterihsed 
distilled water. In 28 growth was luxmriant and immediately 
obvious. In 14 there was no growth. Of these 3 must be regarded 
as failures, as bacilli were found in the direct films. The other 11 
showed no tubercle bacilli in the film and may be regarded as 
negatives. In most of these the material was sahvary. In 6 cases 
colonies grew which were sparsely distributed. In 2 of these bacilli 
were present in the direct films, but in 3 cases the direct films were 
negative. The film of the remaining case was not available for 
examination. 

Whilst the investigation of positive sputa will yield results of at 
least academic interest, what mostly concerns the clinical pathologist 
is the identification of tubercle bacilli from cases in wliich examina- 
tion of direct films is negative. It takes approximately the same 
time (about 3 minutes) to examine 1 sq. mm. with the ^ in. objective 
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Tasle III 


Ejject of harmm and strontium salts on the hceinolytic activity of 
recalcifted dialysed toxin NN8-i9 


ySrCI,, 2H,0 added 
per c c of to\in 

HajmoJyHc effect 

yBaCI, 2n,0 added 
per c c of toxin 

HaemoJ} Uc effect 

0 0 

80 

00 

90 

2 4 

90 

3 7 

90 

6 0 

90 

7 4 

90 

12 0 

90 

18 5 

90 

24 0 

90 

37 0 

90 

48 0 

90 

74 0 

SO 

120 0 

90 

185 0 

so 

240 0 

90 

370 0 

60 

480 0 

60 

740 0 

40 

1200 0 

40 

1850 0 

0 


1 c c of toxui was recalcified witli 80 y CaClj 


Diluted dialysed toxin requires relatively more calcium to enable 
it to hiemolyse (table II) , tbe amount required is roughly inversely 
proportional to tlie square of tlie concentration of toxm It would 
therefore be expected that the calcium content would have a 
considerable effect on the M H D of the toxin Toxin containmg 
effective amounts of CaClj mixed with sheep red cells and allowed 
to stand m the cold often fads to hosmolyse , but if the red colls 
are centrifuged oflf, gently washed with cold BBS to fiee them 
from entangled toxm and then warmed inth fresh BBS, hajmolysis 
occurs This may mean that in the presence of ionised calcium 
salts toxm is readily absorbed by the cells, or alternatively that the 
first change m the red cell envelope is produced by toxm actmg 
as an enzyme in the cold , the damaged cell does not set its hicmo 
globin free until it is heated 

If oxalated toxin is mcubatcd with sheep red cells for an hour 
and the mixture then centrifuged, the recalcified supernatant will 
h'emoljse sheep red cells, even those from uhich it has been, 
separated , the addition of warm CaCU to the separated cells does 
not lead to hsemolysis, showing that m the absence of ionised 
calcium no toxin is absorbed by the cells Further evidence is 
provided by the fact that, if a determination of the M H D (see 
below) IS made by dilution in BBS and the tubes showing no 
hcemolysis arc centrifuged, the supernatants will, if CaCh is added, 
luemoljso sheep red cells, whereas such an addition to the separated 
cells causes httle or no haimolysis (table IV) 

It might be suggested that the effect of oxalate is due not to the 
precipitation of calcium but to the presence of excess of oxalate 
Fortunately precipitation of calcium oxalate occurs \ery slowly 
when the calcium concentration is low , and by adding red cells to 
oxalated toxin before precipitation is complete, it can easily be 
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sho^'^^l that hsemolysis occurs even in the presence of considerable 
excess of oxalate. Similarly if oxalated toxin is recalcified with 
inadequate amounts of CaClj and red cells are added immediately, 
haemolysis occurs, even though, after precipitation of calcium is 
complete, addition of red cells does not lead to haemolysis. 

TABI.E rv 


Ejfeot of increase in calcium concentration on absorption of a toxin 
' bi/ sheep red cells 



Supernatants from M.H.D. 
determination 


Separated red cells from M.H.D. 
determination 

Material added 

Mg. toxin originally present 

Jlatcrinl added 

Me. toxin originally present 


0-177 



0*022 

0-011 



0-177 

0-0S8 



0-011 

m 

2c.c. B.B.S.+0-5 
c.c. red cells 

0 

0 

0 



0 

2 c.c. B.B.S. 

0 

0 





1 c.c. B.B,S. + 1 
c.c. 0'025 per 
cent. CaCL in 
B.B.S. +0-5 c.c. 
red cells 

90 

90 

80 

CO 

40 

20 

1 c.c. B.B.S. + l 
c.c. 0-025 por 
cent. CaCI. in 
B.B.S. 

40 

20 

0 

,0 

0 

0 

1 c.c. B.B.S.+l 
0.0. O'l por cent. 
CaClj in B.B.S. 
+0'6 0.0. rod 
cells 

90 

90 

90 

80 

40 

20 

1 c.c. B.B.S.+l 
c.c. 0-1 per 
cent. CaClj in 
B.B.S. 

40 

0 

0 

0 

0 

0 

1 0.0. B.B.S. + l 
c.o. 0-4 por cent. 
CaClj in B.B.S. 
+0-5 C.c. red 
cells 

90 

90 

90 

80 

CO 

15 

1 c.c. B.B.S.+l 
c.c. 0-4 por 
cent. CaCU in 
B.B.S. 

40 

0 

0 

0 

0 

0 

1 0 . 0 . B.B.S. + l 
c.c. 1-6 per cent. 
CaClj in B.B.S. 
+0'5 c.c. red 
cells 

90 

90 

90 

80 

00 

lo 

1 c.c. B.B.S. + l 
c.c. I -C per 
cent. CnCU in 
B.B.S. 

40 

0 

0 

0 

0 

0 


Diluent 

Since substances which precipitate calcium salts from solution 
(oxalates, phosphates, fluorides) or depress their ionisation (citrates) 
prevent or reduce haemolysis by a toxin, it is obvious that the 
M.H.D. will be greatly increased by dilution in solutions of these 
substances. 

Prigge (1937o), finding that the M.H.D. of a munber of type A toxins 
bore no constant relationship to the M.L.D., suggested that the toxins were 
composed of two different antigens, one of whieh was lethal = our a) 
and the other haimolytio (a = our 6). For convenience we shall refer to 
these toxins as a and 6, transliterating Prigge’s symbols ns required. Later 
(19376) he states that a is not hEemolytic, and that hajmolysis by type A 
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toxins IS due entirely to their 6 content It is not tlierefore surprising to 
find that he used as diluent Jensen’s buffer — a phosphate buffer of pH 7 3 
%vluch, as shown below, markedly mereases the M H D of a toxins Although 
Prigge IS certamlj correct m regardmg type A toxm as composed of var^ mg 
amoimts of two distinct antigens, his descriptions are imperfect and his 
reasons inaccurate To him a is lethal, 6 is hsemolytic, whereas imder suit 
able conditions both are hsemol 3 rt.ic, necrotic and lethal H'cmolysis by 
toxm depends on the presence of calcium ions, which are reduced by Pngge’s 
method of dilution , 6 is lethal and necrotic, if sufficiently strong toxin can 
be obtained (Ipsen and Davoli, 1939), but cannot, as we have shown (im 
pubbshed observations), bo titrated by mjection of toxm antitoxm mixtures 
mtravenously into mice or mtracutaneously into gumea pigs, smee all mice 
and gumea pigs as well as a few ferrets, dogs, cats, rabbits, hor&es and men 
exammed by us possessed a high concentration of circulatmg antibody It 
is very probable that the normal antibody referred to by Ouranoff (1917) 
and Nedl (1926) is antibody to 6 toxin Jlr Glenny informs us that he is 
certam that the type A toxins referred to m Glenny et al (1933) were anti* 
genically pure a toxins No difficulty has been experienced m these 
laboratories m produemg a toxins free from 6 , production of uniform d 
toxins free from a has proved much more difficult 

Ipsen, Llewell 5 m Smith and Sordelh (1939) foimd that tho estimated 
M H D of a toxm later proved to be antigenicolly pure a toxm varied greatly 
m different laboratories No mfoimation is given on the diluent used, but 
Miss Llewellyn Smith (private communication) infonns us that she used 
physiological salme throughout, while Ipsen used Jensen’s phosphate buffer 
of pH 7 3 Miss Llewellyn Smith found the M H D to bo 0 16 mg , while m 
Ipsen’s laboratory the M H D was 1 25 mg It would be very mterestmg to 
Imow what diluent Sordelh used, for his M H D was only 0 018 mg 

Penfold et al (1941), attemptmg to concentrate gas gangrene toxms by 
precipitation with acotio acid, observed that toxms reconstituted in phospliato 
bufiers or salme had very slight h'emofytic activity, though they produced 
hieraoglobmurxa on mtraperitoneal moculationmtomico , those reconstituted 
m broth or serum, which contain lomsed calcium, were much more hoimolytio 

We have examined the effect of various diluents on the estimated 
M H D of several a toxms With hquid toxms the dilutions were 
made directly from the toxms, Tnth dry toxms suitable amounts 
■were •weighed out and dissolved in the diluent under test 

Method Two fold dilutions of toxm are mndo in v olumos of 1 c c in 
Lambeth tubes of 3 4 c c total capacity One half c c of a C per cent 
suspension of sheep red cells m B 6 S is added to each tube and the mixture 
meubated at 37’’ C in tho water bath for one liour, allowed to cool and 
read about 18 hoiu^i later Tho end pomt is taken ns tho famtest detectable 
trace of hiemoljsis (15 20 per cent hxmolj'sis) The cell suspensions are 
prepared by centrifugmg defibrmated sheep blood, waslimg twice with 
BBS and diluting tho cells to 6 per cent with fre-'h BBS 

The results for toxin NN540, wluch could be dupheated for 
many others, are given ui tables V and Clearly up to a point 
higher concentrations of CaClg and ilgCJlg reduce tho MHD , 
beyond that pomt (about 2 per cent CaClg and 0 2 per cent MgCh) 
either no effect is produced or the MHD is incrca*!ed Prccipitants 
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of calcium increase the M.H.D. Normal horse serum reduces it 
out of all proportion to the calcium it contains (c/. Glenny, 1937). 
High concentrations of neutral salts (e.gr. 5 per cent. NaCl) delay 
liEemolysis, but do not alter the M.H.D. 

f 

Tabud V 


Variation of estimated M.H.D. of toxin NN540 with variation of 
concentration of calcium chloride m the diluent 


Diluent 

Mg to\m per c c diluent 

0 71 

0 355 


ooss 

0 014 


0 011 




Borate buffer saline (pHS) 

00 

60 

60 

20 


0 

0 


0 

0 

0 003126 per cent CaCU m B B S 

40 

40 

40 

40 


20 

0 

0 

0 


0 00625 „ 

GO 

60 

60 

60 


60 

20 


0 


0 0125 „ „ „ 

60 

60 

60 

60 

60 

60 

60 

20 

0 


0 025 „ 

60 

60 

60 

60 

40 

40 

40 

40 

20 


0 05 

60 

60 

60 

60 

40 

40 

40 


40 


>> ** >> 

SO 

80 

60 

60 

60 

GO 

40 


40 

15 

0 2 „ „ „ . 

80 

80 

80 

60 

60 

40 

40 


20 

15 

0 4 „ „ „ 

so 

80 

80 

60 

60 

40 

40 


40 

15 

0 8 „ „ „ 

so 

80 

60 

60 

40 

40 

40 


20 


»» »♦ »> • 

80 

60 

40 

40 

40 

40 

40 


0 



Table VI 


Effect of various diluents on the estimated M.H.D. of toxin NN5iO 


Diluent 

Me to-nn psr c c dllncnt 

■ 






0 305 

0 177 

0 088 

0 044 

0 022 

0 011 

o 

o 

o 

Borate buffer saline ^>H8 


■ 

1 

80 

GO 

GO 

60 

60 

60 

40 

0 

0 

0 

0 011 per cent. MgCI, in B B S 




80 

60 

60 

60 

60 

GO 

40 

0 

0 

0 

0 023 „ 




80 

60 

60 

60 

60 

60 

40 

20 

0 

0 

0 047 „ 




80 

60 

60 

60 

60 

60 

60 

20 

0 

0 

0 095 „ 




80 

60 

60 

60 

60 

60 

60 

40 

20 

0 

0 19 „ ,, .. 




80 

60 

60 

60 

60 

GO 

60 

60 

40 

0 

0 39 




80 

80 

80 

60 

GO 

GO 

60 

40 

15 

0 

0 78 




80 

80 

80 

00 

60 

60 

60 

40 

16 

0 





80 

80 

80 

60 

60 

60 

60 

15 

0 

0 





80 

60 

40 

40 

20 

20 

15 

15 

0 

0 





80 

60 

40 

40 

40 

15 

15 

0 

0 

0 

M/15 phosphato-buffer-sahne 

100 

90 

90 

60 

40 

15 

0 

0 

0 

0 

0 

0 

0 

pBi 6 0 














M/15 phospbate-buffer saline 

100 

90 

90 

90 

40 

15 

0 

0 

0 

0 

0 

0 

0 

pH 6 5 














M/15 pbospbate-buffer saline 

100 

90 

90 

90 

80 

20 

0 

0 

0 

0 

0 

0 

0 

pH 7-0 














M/15 pbosphate-buffer-salino 

100 

100 

90 

90 

80 

40 

0 

0 

0 

0 

0 

0 

0 

pH 7 5 














10 per cent, normal horse 




100 

90 

80 

60 

GO 

60 

60 

40 

40 

20 

serum +0 5 per cent, tricresol 















It should be remembered that, if only small amounts of a 
toxin are present in a mixture containing large quantities of other 
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lisomolysins not sensitive to dianges in calcinm concentration, the 
calcium sensitivity of the « toxin may not bo demonstrable until 
the other hjemolyains are neutralised with suitable sera. 

Effect of pif of diluent. A few experiments suggest that the more 
acid the diluent the smaller is the provided the diluent 

does not precipitate calcium. Thus if toxins are dissolved in broth 
at appropriate pH levels, suitably adjusted by the addition of 
iV/lO HCl or iir/lO NaOH and diluted in the same broth, the M.H.D. 
at pH 8 is always greater than that at pH 6. 

Effect of species of red cells used as indicators 

Wo have found that the red cells of the sheep, pig, mouse, man, 
guinea-pig, cow and rabbit are all about equally susceptible to the 
action of a toxin ; goat and horse cells arc practically insusceptible 
at the concentrations of calcinm normally occumng in a toxins, 
but the M.H.D. for these cells can be greatly reduced by addmg 
CaClj to the toxin (table ni). B Toxin is about equally hosmolytic 
TxDtE vn 


MJSM. of toxin NXGl against red cells from different species 


Diluent 

Tied cell 
species 

3Ig toxin in test 

15 

0 T5 

0 37 

0 18 

000 

0 015 

5 022 

oon 

0 005 

0 002 

0 001 

IQI 

0 

B.B S. 

Sheep 

(30 

GO 

GO 

40 

40 

40 

40 

40 

40 

0 

0 

0 

0 

0*8 per cent. CaClj 


lliTtl 

■dpi 

ITiTil 

iDTil 

ililtl 

■tiia 

90 

90 

1^ 

40 

40 

0 

0 

xn B.B S. 















B.BS. 

Mouse 

■dpi 

■dpi 

■DPI 

90 

90 

90 

40 

40 

20 

20 

0 

0 

0 


Mm 

ICTI 

IppI 

100 

90 

90 

90 

00 

90 

CO 

40 

0 

0 

0 


Gumea«pig 

90 

90 

GO 

GO 

40 

40 

40 

40 

40 

0 

0 

0 

0 


Cat 


40 

40 

40 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Cow 


40 

40 

40 

40 

20 

20 

0 

0 

0 

0 

0 

0 


Pig 


100 

00 

■ml 

80 

80 

CO 

CO 

40 

40 

0 

0 

0 


Rabbit 


iPPl 

90 

90 

CO 

60 

40 

40 

0 

0 

0 

0 

0 


Goat 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0*8 per cent. CaClj 


40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

0 

0 

in B.B.S. 















B.B.S. 

Horeo 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0*8 per cent. CflCl, 


la 

80 

80 

80 

80 

80 

40 

40 

20 

20 

0 

0 

0 

m B.B.S. 
















for the rod colls of all species tested, except those of the mouse, 
which are only slightly attacked. 8 Toxin produces no effect on 
any red cells examined except those of the sheep, pig, cow and 
goat — all even-toed ungulates (Artiodactyla). Work on the 
chemical factors determining this specificity would be of great value. 

Effect of peptone 

There is a strilcing difference in the rate of liffiinolysis of sheep 
red cells by different « toxins. In oiu- e.xperienco toxins produced 
during relatively short periods of incubation of the culture are 
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inucli more rapidly bsemolytic than “ long growth ” toxins. Tims 
1 c.c. of a toxin (NX60) obtained from a culture incubated for 
2|- brs. at 37° 0. lisemolysed 0-5 c.c. of a 6 per cent, suspension of 
cells in li minutes at 37° 0., though its combuiing power was only 
0-6 a units ; 1 c.c. of a toxin (NX55A) from an 8-hour culture 
had not caused complete hsemolysis after 1 lir. at 37° C., though its 
combining power was 1-8 a units. Most though not aU of tliis 
difference is due to differences in peptone concentration, for if 
peptone is added to slowly haemolytic toxms, the haemolytic time 
is greatly reduced. Thus by addhig 1 per cent. Parke Davis 
peptone to XX55A the time taken to produce haemolysis is 
reduced to 3 minutes. Examination of the nitrogen distribution 
in long- and short-growth toxins shows clearly the progressive 
breakdo^vn of the peptone and proteose fraction and its partial 
exhaustion after a relatively short period of incubation (table ’1^11). 


TABI.E vni 

A^itrogcn dislribuiton m a toxins 



Orlgin-il broth 

Toxin XXOOA 

Toxin XX55A 

Time of incubation 

0 

2} hrs. 

8 lira. 

Total nitrogen per 10 o.o. 

43-0 mg. 

43-4 mg. 

47-4 mg. 

“ Copper * nitrogen ” per 10 c.c. 

7-04 mg. 

(17 -8 percent.) 

10-0 mg. 

(23 per cent.) 

14-73 mg. 
(31-1 per cent.) 

Proteose and peptone nitrogen 
per 10 c.c. 

22-9 mg. 

16-1 mg. 

G-03 mg. 

“ Copper nitrogen ” per 10 c.c. . 

2-08 mg. 
(9-1 per cent.) 

2-5 mg. 
(15'5 per cent.) 

1 -25 mg. 
(20-7 per cent.) 


• Pope and Stevens (1939) 


Addition of peptone does not alter the combining power, though 
it may reduce the M.H.D. somewhat. >Similar observations on the 
reduction of the haemolytic time have been made by Llewellyn 
Smith and Price (1938) on the )3 toxin of the staphylococcus. 

For routine purposes it is usual in these laboratories to dissolve 
a toxin in broth containing 1 per cent, of Parke Davis peptone. 
It is probable that the original reason for tliis custom was the 
buffering effect of broth on unstable toxins ; if broth is used as the 
diluent the end-point is sharper and the results are more consistent. 
Moreover the calcium and peptone in the broth reduce the test 
dose and hasten haemolysis, thereby economising both toxin 
and time. 

OPACmCATION OP SEETJM 

Seiffert (1939) and Nagler (1939) independently observed that the 
addition of type A toxin to human serum led to the production of 
opacity. Seiffert claimed that this opacification was not prevented 
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by a antisera, but Nagler (1939) and Macfarlano et al both found 
that « antisera could be titrated against a toxin, using liuinan 
serum as indicator Seiffert states that the opalescence is produced 
nith human sera only , Nagler added foul sera and the serum of 
one monlvey We found that opacity a as produced by a toxm 
m the sera of 9 horses, 5 ferrets, 10 guinea pigs, 3 rabbits, 1 sheep, 
2 mice and 10 dogs, and that this opalescence n as prevented by 
the previous addition of adequate amounts of « antitoxin. Sera 
repeatedly frozen and thaned give poor opacity, presmnably oiving 
to removal of free fat The minimal mdioatmg dose is reduced by 
the addition of calcium salts (up to 2 per cent ) to the diluent, 
and the opacity is prevented by oxalates and citrates 

OnACmOATION of LECrrHOVlTELLIM (L V ) 

Maofarlane el al suggested the use of this indicator for titrating 
a antisera, and showed that the effect of a toxin on it is dependent 
on the presence of ionised calcium Wo have found that increase 
of calcium salts up to 2 per cent in the diluent reduces the minimal 
opalescing dose , stdl further addition increases it It nught be 
supposed that, as LV becomes opalescent tvith traces of toxin 
winch are without apparent effect on red cells, it combines readily 
inth smaller amounts of toxm than do red cells This is partly 
true, for L V contains amounts of calcium salts n Inch facilitate 
reaction with toxm, whereas onr red cell suspensions do not , but 
fVve diffiesewee. between the wnnanal epaleeemg dose and tV\e Id H, B 
IS far greater than could be accounted for by the calcium alone 
Far more of the effect is due to the fact that it la easier to detect 
traces of opalescence than it is to detect traces of hremolysis Thus 
if 0 5 0 c of 6 per cent sheep red cells is completely tueniol^ sed 
■nith distilled nater, no pink colour can be detected at a dilution 
of 1 128 , n hcreas if a batch of L V be treated ivith an amount 
of toxm just sulScient to aggregate the fat completely, and the 
mixture so produced is diluted m unaltered L V , opalescence can 
be observed to a dilution of 1 1000 or more If therefore a sample 
of toxin produced a change of equal magnitude m red cells and 
h V , say is'iss of coraploto hasmolyais or aggregation, the change 
in L V could be observed while the haimoljsis could not 

Lethal action 

The M L D , as judged by the injection of 0 5 o c of a toxm 
intravenously into mice, is unaffected by the nature of the diluent 
so long as the diluent alone is not injurious to mice Addition of 
calcium salts up to 0 4 per cent CaClj makes no difference to the 
3ILD, presumably because the calcium ions diffuse from the 
circulation more rapidly than the toxm 


locEs or rilH—rot tni 


2a 
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Neckotisikg eepecx 

The lesions produced in the skin of guinea-pigs by the intra- 
cutaneous injection of a toxin are described by Glenny et al. (1931). 
The M.N.D. is not affected by addition of CaClj, or by harmless 
diluents. 

Combining power oe a toxin 

We have carried out determinations of the combining power of 
a number of a toxins at various levels against several a antitoxins, 
using four different indicators, (1) red cells, (2) lecithovitellin, 
(3) lethality to mice and (4) flocculation. For convenience we shall 
refer to the a antitoxic values obtained by titrating a serum against 
the test dose of an a toxin using a particular indicator as the 
hremolytic, L.V., lethal or flocculating value of the serum. Hsemo- 
lysis, opacification of lecithovitellin and lethality differ markedly 
from flocculation in that by them free toxin is determined, whereas 
in flocculation the tube flocculating first is supposed to be neutral. 
Consequently any method which reduces the for instance, 

should increase the combining powder, though not necessarily very 
much, since traces of toxin otherwise undetermined will thereby 
be demonstrated. Flocculation on the other hand should be 
unaffected. The ultimate standard of reference throughout has 
been British standard gas gangrene serum (perfringens) containing 
20 international units per c.c. The current standards were 
G.G.C. 3089 (475 a units per c.c.), G.G.C, 3768 (850 a units per 
c.c.) and R.X. 5102 (10 a units per c.c.). 

Hcemolylic testing 

We have given most attention to the effect of CaCU on combining 
power. The percentage of calcium in the toxin was determined 
by precipitation with ammonium oxalate at pH 8 and titration 
of the washed precipitate with standardised permanganate. The 
Lh equivalent to 1 « unit was determined and various multiples 
and sub-multiples of this were used as test doses for different levels 
of testing against convenient sera of knovm. composition at varying 
concentrations of CaCk, malung allowance for the calcium content 
of the original toxin. As we have no knowledge of the condition 
in wliich the calcium of the toxin is combined, except that some of 
it must be ionised, we express the total concentration of calcium 
salts as the molar concentration of calcium in the total test volume. 
For the purposes of this paper 1 M. (Ca) = 40-07 g. calcium per 1. 

Method. Dissolve dry toxin in B.B.S. to give double the concentration 
to be used in the test ; dilute convenient volumes of this solution with equal 
volumes of B.B.S. containing varjdng concentrations of CaClj ; we have 
used 0-003125, 0-00625, 0-0125, 0-025, 0-05, 0-1, 0-2, 0-4, 0-8 and 1-6 per cent. 
To the test dose of toxin used add varying volumes of antitoxin differing by 
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comom&nt amounts (usuallj 10 per cent ), and make up to constant %alum6 
with BBS Allow to stand for 30 minutes, add 0 5 c c of 0 per cent sheep 
red cells, mcuhato for 1 hour m tlio water bath with the water let el 1 cm 
or more below the level of tlio mixture in the tubes, allow to cool and read 
after about 18 hours The end pomt is tahen as tho faintest detectable 
trace of h'craoij'sis (15 20 per cent ) TIio error of a smgle test is less than 
10 per cent , t e tho valuo obtained from this single test will, 19 times out of 
20, not differ bj more than 10 per cent from the mean of a largo number 
of observations From tho values obtamed a graph is constnictcd showmg 
tho relationship between log calcium concentration and log combining 
power of tho test dose , and to these pomts a ‘ best straight line ’* is fitted 
bj the method of least squares No curve is based on less than 10 pomts 
For reasons to be stated later we call these ‘ calcium avidity curves ’’ 

Altogether 53 different toxin antitoxin systems have been 
examined The results can best be seen from tho graphs (figs 1-4) 
which show that at any given test dose tliere is a steady increase 
of estimated combining power with incrcasmg concentration of 
calcium salts , the relationship is clearly loganthmic and the 
correlation very high More striking is the fact that tho curves 
for toxm NX22A and serum R 5603 at different test doses are 
not parallel . the angle with the horizontal is greater tho smaller 
tho test dose of toxin (fig 1) The difference in angle for successive 
decreases in test dose is not very great, but the values for the 
tangent of tho angle (m) are in Imear order of merease , tho odds 
against this occurring by chance are 720 to I Tins suggested 
that the reduction m tho M H D produced by mcroased coneentra 
tion of calcium salts might not be the onlj' factor m altcrmg the 
estimated combinmg power of tho toxin but that the calcium salts 
might m some way lead to the dissociation of the toxin-antitoxm 
complex and thereby increase the amount of antitoxm necessary 
for neutralisation 

If we suppose that, when toxin and antitoxm are mixed, 
combination occurs accordmg to the law of mass action, it follows 
that, whatever the nature of the reaction, combmation can never 
he complete, but an equihbnum will be approached between toxm, 
antitoxm and complex The higher the onginal concentration of 
antitoxin the lower will be the equihbnum concentration of toxin 
Our determination of neutrality' must therefore involve the estima- 
tion of a certain irummnra of free toxin or antitoxin, and since we 
have no means of determining antitoxin except by its capacity to 
neutrahse toxm, we are in practice limited to deterrainmg free 
toxm As no physical method yet exists for this purpose, tho 
presence or absence of free toxin is demonstrated by addmg an 
indicator, e q susceptible red cells, human serum or lecithovutellm, 
or by the injection of the reaction mixture intrav'cnously into mico 
or intracutaneously into guinea-pigs These indicators can show the 
presence of toxm only by combining with it If no calcium ions 
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are present, no combination of toxin and indicator occurs, no toxin 
can be demonstrated and, however much free toxin is present, the 
mixture -will appear to be neutral or overneutralised. Since no 
calcium-free laboratory animal is available, this desirable state of 



Fig. 1. — Calcium avidity cun^es for toxin NX22A and sorum R. 5603 at varying 
Lb levels, I at 2 Lu, 11 at Lb, III at 0-7 Lb, IV at O-S Lb, V at 0-35 Lb, VI at 
0'26 Lb- in = the tangent of the angle between the best straight lino and 
the abscissa. The ringed point represents two equal determinations. (Hmmolytio 
testing.) 

affairs cannot be reahsed in vivo. In the presence of calcium ions 
toxin and indicator combine and toxin is removed from the system 
at a rate dependent on the concentration of toxin and calcium ions ; 
in consequence the equilibrium of the system is disturbed, and to 
restore it the toxin-antitoxin complex must dissociate. The higher 
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the concentration of calcium ions, the more toxin uiIl be removed 
from the system m a given time, the greater inll be the disturbance 
of the equilibrium, the more complete the dissociation of the complex 
and the greater the elFoot on the indicator. The only n ay in ii Inch 



Fio 2 — Cftlcium a^jclitj curves for toxin NN640 and vanoua sera I R $78 j 
n, GGC 3768 m, GWP 160 F 36 IV, R C891 V, R 6932 VI, 
R 69J8 ■\ni, S 602 VIII, B 6603 (Hximolytic testing) Tho dot lies 

between tlio Boniin nuTnoral and tho lino roferred to To avoid confiwjou no 
points aro plotted in this and tho remaining groplis , tlio correlation coonicient 
13 seldom lei>3 than 0 8 

dissociation of the complex can be ropresaed iMthout effect on the 
indicator is to add antitoxm , tho more antitoxm there is added 
the loss dissociation 11111 occur, until a point is reached at which 
the toxin available to the indicator in tho course of the experiment 
IS reduced below the muumal indicatmg dose This is tho neutral 
locKx or rirn — tol. im 2 a 2 
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mixture for the particular circumstances and will in general indicate 
a higher combining power for the test dose of the toxin the higher 
the concentration of calcium ions. At lower test doses of the toxin, 
combination will naturally be slower, relatively larger amounts of 



Fig. 3, — Calcium avidity curws for toxin NXllS and various sera. I, B, 6891. 
, n, G.G.C.3768. Ill, G.W.F. 160.F.3G. IV, B, 5785. V, E. 5603. VI, 
E. 6932.' VII, S. 602. tTOI, S. 601. IX, S. 600. S. 600, 601 and 602 are 
irregular. (Hremolytic testing.) 

toxin will remain free at the time the indicator is added and 
relatively more antitoxin will have to be added to repress the 
dissociation of the complex as the toxin is removed by the indicator. 
The view that competition between indicator and antitoxin for 
toxin is the reason for these findings is, we think, supported by the 
observation that the same values are obtained at a given test dose 
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of toxin for the combining power at varying calcium levels whether 
the calcium is added to the system before or after the toxin has been 
in contact with antitoxin. In all tliis there is of course nothing 
new except tho fortunate circumstance that in a toxin-antitoxin 
titrations we can vary at will the rate of combination of toxin and 
indicator in a quantitative mamier. 



Fio. 4. — Calcium avidity curv'cs for scrum G.W.P. 1C0.F.36 and various toxins. 

Tilis view assuraos that, when liajmolj’sis ibr exainple is produced 
bj' a toxin, toxin is removed from tho system ; tiiis is supported 
by tho fact that dilutions of a toxin which have luemolysed red 
colls produce much less effect on lecithovitellin than similar dilutions 
of toxin to wliicli red colls have not been added. Judged by this 
test, both lakcd blood and stromata absorb a toxin. Further 
confirmation of tlio view that the apparent increase in combining 
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power Avitli increase in the concentration of calciiim is due to the 
dissociation of the toxin-antitoxin complex is obtained from 
experiments with other « toxins and sera (figs. 4, 5). The curves 
at a level of 0'26 Lj, at varying concentrations of calcium saltt for 
different toxins and sera are not parallel, suggesting that the 



Fiq. 5. — Calcium avidity curves for serum G.G.C. 3708 and various toxins. 
(Hwmolytic testing.) 

complex is not equally stable for all systems. It -^vill be noted 
that a serum tvhich is easily dissociated from one toxin is not 
so easily dissociated from another, c/. serum G.W.P. 160.F.36, winch 
dissociated with difficulty from toxin lSrX47 but easily from- toxin 
Nhr540 (fig. 4). Clearly this is another example of “ avidity ” ; 
but since the dissociation of the toxin-antitoxin complex is not 
entirely dependent on the serum, it might be better to speak of the 
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aviditj of the constituents of the complex rather than of the 
serum as is usual!}^ done 

It might be supposed that, if the complex were allowed to 
flocculate out of a set of toxm antitoxin mixtures prepared for a 
combmmg power test and tho floccules removed, as less of the 
complex is left to dissociate, the effect of the addition of GaCL 
on the estimated combmmg power of the toxm w onld bo less than 
if flocculation had not oeourred Fig 6 show s that this is so More 
over, if the floccules are washed with BBS and the centnfuged 
washmgs or floooulcs treated wnth calcium salts, haimolj sis maj be 
produced w hen red cells arc added 



Fio G — Colcium aMcUtj curves of toxin XX.47 and sorura GWP IGOFSC 
with and mthout flocculating out (H«imol>'tic testing ) The largo squanw 
represent tvro equal determinations 

Tint tho complex is readily dissociable by simple procedures is 
shoira by the observation of Ipsen Llewellj-n Smith and Sordelli 
(1939) that tho estimated combimng power of « toxm is increased 
by coohng the mixtures after mcubation with red cells They 
suggest that this change is due to dissociation on coohng Two 
jeara ago Miss H E Boss informed us that, when she was m a 
hurry to obtain the results of an a titration, she usually cooled 
tho tubes under a cold water tap Wo had previously been 
impressed by tho rapiditj with which free a toxin is absorbed by 
red cells , w e therefore earned out the foUowang oxponment 

To a series of tabes containing the test dose of toxm, quantities of anti 
toxm differing bj 10 per cent -nero added and tho volume made up with 
BBS Tlie nusturcs wore allowed to stand for 30 rauiiites, 0 5 c c of 
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G per cent, shoop'red cells was added to each tube and the sets wore incubated 
for 1 hour at 37° C. They wore then removed from the bath and centrifuged 
rapidly in warm cotton wool. The supernatants were pipetted off and added 
to now red cells, while the separated red cells were lightly washed and re- 
suspended in waiTU incubated for a further 30 minutes and allowed 

to cool. The tubes were arranged in the rack according to the amounts of 
antitoxin, the highest antitoxin levels being on the loft. As was expected 
the supernatants showed hsemolysis in tubes further to the loft than did the 
resuspended red cells. Assuming that any free toxin is readily absorbed by 
red colls, the only possible explanation is that the toxin-antitoxin complex 
had dissociated on cooling. 

Since flocculation tests are self-indicating and there is no 
competition between indicator and antitoxin for toxin, changes in 
calcium concentration would not bo expected to produce any effect 
on the estimation of the neutral mixture. Within the limits of 
experimental error this is true. Moreover, witliin the range 10-1 a 
over which this method is practicable, sub-multiples of the test 
dose measure corresponding sub-multiples of combining power, a 
result which would hardly be expected if ionised calcium were 
involved. 

Just as increase in the concentration of calcium salts raises 
the estimated combining power of the test dose of an a toxin, so 
addition of oxalate or citrate reduces it. The only condition in 
which this is liliely to arise in practice is in the testing of the serum 
or plasma of normal horses for a antitoxin in order to determine 
their usefulness for immunisation. In such testing, two-fold 
dilutions of the test dose of the toxin (at 1 a unit) are mixed ■noth 
0-5 c.c, of undiluted horse serum. If oxalated plasma is used 
instead of serum the lower dilutions of toxin will be unable to 
combine with the indicator and the plasma will appear to contain 
a higher concentration of a antitoxin than the serum. Thus two 
consecutive bleedings from horse 9582, one of 40 c.c. into 10 c.c. 
of B.B.S. and the second of 40 c.c. into 10 c.c. of 1 per cent, oxalate, 
gave serum 5 ^ a per c;c., plasma a per c.c. 

In a few experiments the effect of ionised magnesium salts 
on the combining power of a toxin was similar but much smaller 
and the difference at different levels much more obvious (fig. 7). 
The fit of the points is noticeably poorer. Experiments on the 
effect of increasing calcium concentration on the combining power 
of liquid toxins have not been practicable, as the addition of B.B.S. 
to toxins so altered leads to the precipitation of calcium phosphate. 
Experiments on the effect of increasing concentrations of barium 
and strontium on dry toxins have given very inconsistent results, 
presumably owing to the precipitation of barium and strontium 
sulphates by the traces of ammonium sulphate which it is impossible 
to remove from the toxin. Attempts have been made to use the 
number of M.H.D. per Lu as an indication of the nature of the toxin 
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Fio 7 — Magnesium avidity curves for toxin NX22A and serum R 5003 at 0 25 
and 0 5 Lh Interrupted line = corresponding calcium curve (Hjemolytic 
testmg ) 

Table IX 


Values of Ljtl4 and M R D at different calcium conceiitrations 


Molar concentration of calcium 

Lt,/4 (mg ) 

M H D (mg ) 

HI* 

MUD 

8 1 xlO « 

13 69 

0 085 

100 

2 89xl0-« 

6 38 

0 010 

640 

5 7 X lO'* 

5 47 

0 010 

560 

1 13X10-“ 

'4 69 

0 005 

940 

2 2GX10-* 

4 03 

0 0025 

1610 

4 60x10 * 

3 47 

0 00125 

2890 

9 00x10-“ 

2 98 

0 00125 

2490 

1 80X10'® 

2 oC 

0 00125 

2050 

3 GOxlO * 

O Of 

0 00125 

1770 

7 19X10-® 

1 88 

0 0025 

750 

1 44X10 * 

1 57 

0 005 

310 


under test or of tlio amount of toxoid present Table IX, which 
gives the value of this ratio for toxin NN540 against serum 
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G.G.C. 3768, shows that any Judgments based on this 'ratio for 
an a toxin rest on a very precarious foundation, unless the calcium 
content of the toxin is taken into consideration. For instance, 
at 8-1 X 10"® M (Ca) the number of M.H.D. per L]i/4 is only 160 ; 
at 4-5 X 10"® M (Ca) it is 2890. 

Addition of normal horse serum to toxin-antitoxin mixtures in 
hffimolytic tests leads to an increase in the estimated combining 
poM'er of the toxin, probabty due to the calcium content of the 
serum (table X). 

Tabue X 


Gomhming power of varying iest doses of toxin NXGQ dissolved in 
various diluents against scrum R. 5603 


Test dose 
(Lh) 

Diluted In B.B.S. 

Diluted in 
B.B.S. +2 per 
cent, liontc 
serum 

Diluted in 0-8 per cent. CaCl, 

In B.B.S. 

Haemolytic 

tcstlnK 

L.V. testing 

Hicmolytic 

testing 

Uiemolytic 

testing 

L.V. testing 

2-0 

2-0 a 

2-5 a 


2-72 a 

2-72 a 

1-0 


1-41 a 

1-36 a 

1-66 a 

1-66 a 

0-5 




1-1 a 

0-86 a 

0-2 

0-12 a 




0-33 a 

0-1 

0-064 a 

0-1 a: 



0-18 a 

0-05 

Failure 

0-05 a 

0-056 a 


0-078 « 

0-02 

0 

0-018 a 

0-024 a 

0-05 0. 

0-032 a 

0-01 

0 

0-009 a 

0-012 a 

0-033 a 

0-02 a 

0-003 

0 

0-0045 a 

Failure 

0-018 a 

0-006 a 

0-002 

0 

Failure 

Failure 

Failure 

Failure 


“ Failure ” = no consistent result obtained. 


Comparison of haamolytic with other forms of testing 
Opacification of scrum 

Macfarlane ct al. showed that a antitoxin could be titrated using 
human serum or lecithovitellin as indicator. It is often necessary 
when testing at low levels of a, as in normal horses, to use undiluted 
serum, and the question naturally arose whether the serum under 
test could be used as its own indicator. 

To two-fold B.B.S. dilutions of the Lh of a toxin were added 
0‘5 c.c. amounts of undiluted horse serum filtered free of suspended 
debris. The mixtures were allowed to stand for haLf-an-hom-, then 
incubated for 2 hours at 37° C. Opalescence appeared in mixtures 
which were rmderneutralised as judged by corresponding-hsemolytic 
tests. Horse sera of known high a value diluted in normal horse 
serum of neghgible anti-a content showed good agreement vuth 
expectation when titrated by this method, which is, however, too 
troublesome for routine use. 
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Opacification of Iccitkoviiellui - 

Method. The Lji dose of toxin ox a convenient sub •multiple 13 measured 
into Lambeth tubes and volumes of serum differing by 10 per cent, added 
After the tubes have stood for 30 mmutes at room tomporaturo 0’6 c c. 
of crude lecithovntellm suspension is added and mixed by mvctbion The 
tubes are then incubated for 1 hour at 37® C. If tune is pressing, readings 
may bo taken immediately ; for delicate work it is better to wait till next 
day. Tho crude end-point is taken ns that tube which, by ordinary inspection 
m the rack, appears more opalescent tlian its nearest neighbour containing 
more antitoxm. Careful comparison with proper controls usually shows that 
tubes contammg more serum than the crude end-pomt tube are slightly 
opalescent, showmg either that there is a long “ trail ” of traces of toxm or 
that lecithov itellm can produce sbght dissociation of tho tosm antitoxin 
complex, even in tho presence of excess antitoxm. 

Comparative tests of the combining power of a toxins have been 
carried out at various test doses using red cells and lecithovitelliir as 



Fio. 8 — Calcium avidity curv’cs for \nnou8 toxins and sera by L V. testing. Inter- 
rupted lino sar corresponding haemolytic curve. As tho htBmoljtio and LV. 
curves vvero done at a considerable interval, no special notico should bo taken 
of tho absolute values of the combming pouer. Tlie values of are 

probably as accurate as can bo -obtained over the rostnetod range available for 
test. 

indicators ; if the toxin is dUuted in lecithovitcUin tests 

always indicate a lugher combining poncr for a given test dose 
than do haimol^ftic tests, presumably because lecithovitelhn 
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suspensions contain calcium equivalent to 2-3x10'^ J/, whereas 
our red cell suspensions contain no calcium eflcctive for ha>molysis. 
It is pai-ll}' for this reason that the addition of calcium salts produces 
less increase in the estimated combining power of a toxin in L.V. 
tests than in hremolytic tests ; ' the relative increase in calcium 
concentration is less. As would be expected the gi-eatcr the dilution 
ill B.B.S. the greater the L.V./ha?molytic ratio for the combining 
power of the toxin (table X). 

^Vc have examined the clfeet of increased calcium concentration 
on the combining power of a toxins, Tising L.V. as indicator, in 



Fio. !). — Cnlciiim avidity cnn-cs for vnrioiis toxins and Bern by L.V. testing. 
Interrupted lino = corresponding Utcmolytic cuta'o. 


much the same wa5’^ as we did with hajinolj'tic tests. Twelve toxin- 
antitoxin systems have been examined bj^ this method. Owing to 
the high calcium content of the L.V. the calcium range is much 
restricted and the best straight lino correspondingly less accurate ; 
it seems clear that increased calcium concentration loads to 
increase in estimated combining power though less than is indicated 
by hajmolytic tests (figs. 8 and 9). Consequently if determinations 
of the or. antitoxic value of a serum are carried out in parallel at 
the same test dose, using red cells and L.V. as indicators, the L.V. 
test will indicate a lower value than the hannolytic test, though the 
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effect will be rather less than would be expected from the effect of 
calcium on htemolytic tests It seems necessary to assume tliat 
L V removes less toxin from the system than do red cells Toxin 
which has affected LV seems no less hsemolytic than before, 
though, of course, the calcium m the added LV increases the 
luemolytic effect 

IVIr A T Glenny early drew our attention to the fact that if 
haimolytic and LV tests "^ere earned out m parallel at the same 
test dose, the discrepancy bet'ueeii the serum values so obtamed 
was between 0 and 10 per cent for a hquid toxin, while for a diy 
toxin it was often 10 20 per cent , m both cases the L V value was 
the lower Smee dry toxins contain very httle calcium, the effect 
of the addition of L V in raismg the calcium concentration would 
naturally be much greater in dry than in hquid toxms, in winch 
the calcium concentration is usually much higher (table XI) Smeo 


Tabij: XI 

Molar concentration oj calcium tn various preparations 


1 reparation 

Molar concentration of Ca 

Dry toxin {NNS40) 

Liquid toxin {NN007) 

Lecithov itollm (LV ) 

Icc dry toxm-hO 5 0 c LV 

1 c c liquid toxin -1-0 5 c c L ^ 

1 c 0 dry toxin -|-0 5 c o r b c suspension 

1 cc liquid toxin +0 5 ce rbc 
suspension 

2 4 XIO * 

48 0 xlO * 

26 0 xlO * 

10 6 XlO « 

40 90x10 * 

15 xlO * 

32 0 XlO * 


the greater the change m calcium concentration the greater uill 
be the increase m combining power and the lower naturally will be 
the correapondmg estimation of the scrum value 

An interestmg point is the striking accuracy of L V testing at 
low levels , with h®molytic testing it is seldom possible to test 
below ^ a unit with an accuracy of 10 per cent , with LV 
testing an accuracy of 10 per cent can readily be obtained from 
J to 5 ^ a unit 

As previously observed, it is often necessary to tost for a anti- 
toxin in undiluted sera , smee high concentrations of sera prevent 
aggregation of fat in lecithovitcUm altered by a toxin, it was at 
first thought that titration of normal horse sera by this method 
would be impracticable Further examination of sucli reaction 
systems showed, however, that faint opalescence is still produced 
in underncutrahsed mixtures and by careful comparison with 
suitable controls results corresponding very well with those found 
by haemolytic testing could be obtamed Although it is possible to 
test at very low levels (e^ a)i case with winch hasmolytic 
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\ tests can bo carried out down to a makes tlie liremolytic 
method preferable unless the scrum is markedly liremolytic to sheep 
red cells. 

Lcllmlity 

As would bo expected from the free diifusibility of calcium ions, 
increased concentration of calcium salts makes no difference to the 
combining power of a toxins as judged bj’^ intravenous injection 
into mice. Since we can by suitable methods vary the ratio between 
the Lh and for a given toxin, it is clear that the fact that Ljj 
and arc in constant ratio for the great majorit}' of a toxins is 
no adequate proof that hamiolysis and lethality are produced by 
the same antigen (table XII). For complete serological proof it is 

Tadi,k XII 


EJJcct of calchtm concent ration on the ratio L4 jL/, 


Toxin 

Molar coiiccnltntlon or calcium 

L,, (mu.) 

L^(mK.) 

i.j- 

J'n 

NXOl 

■MxlO-* 

.5-0 

B 

M 


3-GxIO-* 

3-I 


1-C2 


ncccssarj’’ to show that, if a scrum is titrated against a standard, 
the hieraolytic and lethal values of the serum against tlio same 
a toxin are equal within the limits of experimental error. This has 
been done by Glenny ct oL (1933). 

A few experiments on the intracutancous test in guinea-pigs 
have shown that the combining power ns measured bj' this method 
is unaffected by the calcium concentration in the reaction mixture. 

Fioccnlaiion 

Flocculation occurs readilj'' in suitable mixtures of dTj"- or liquid 
a toxins and fresh antitoxms. At 2 a units the flocculation time 
is about 90 minutes at 50° C. ; the error is about 10 per cent, in 
one test. No concentration of the toxin is noccssarj-. Refined 
sera (Pope, 1939) flocculate much more readily than crude or 
concentrated sera. Neither the flocculation time nor the flocculation 
value of the sera is affected by the calcium concentration. 

Irregular sera 

For the great majority of a antisera the ha;mol 3 dic is seldom 
more than 20 per cent, greater than the L.V. value. Some sera, 
however, consistently give the L.V. values 30-50 per cent, lower 
than the hasmolytic ; these wo call iiTegular sera. Wo have alreadj’- 
shown tliat the relationship between log. calcium concentration 
and log. combining power for any particular toxin and antitoxin 
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can be expressed -with considerable accuracy by a straight line, 
whose slope can as usual be represented by the tangent of the angle 
it makes with the horizontal. This value (w) is fairly constant for 
any given toxin, though different toxins vary very much among 
themselves. Though there appears to be no exact relationsliip 
between the values of m obtained by li®molytic and L.V. testing 
(mu and 7Wi,v) same system, when is high, 7 »lv. 

also usually high. Since the error introduced by assuming a 



•r 

Lo^ f'lolar CBacettbcatwa, CaJcuuru- 


riG 10 — Calcium avidity cur\e3 for tosin NX118 and two normal (abovo) and two 
irrogular sera (bolow) at different lov ols Figures on loft of blocks refer to testing 
at I Lh, those on right to testuig at 1 Li,. 


constant difference between mji and m^Y great, the argument 

following will bo simplified by this approximation. If two different 
sera are compared as to their a antitoxin content against the same 
toxin, the L.V. and hfemolytic values vnU show the same difference 
for both if the values of (and therefore of mj;,v.) both systems 
are about the same. But if these are different the differences 
between the hcemolytic and L.V. values will not bo of the same 
order; the liighcr the value of mu (and therefore of the 

greater will bo the difference between the hremolytic and L.V. 
values of the serum. We therefore supposed that the irregular 

2b 
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sera would show calcium avidity cun'cs of steeper slope than is 
usual for the toxin under test ; the calcium salts in the L.V. would, 
produce an unusually large increase in the combining power of the 
toxin and correspondingly greath' reduce the L.V. value of the 
serum. Figs. 2 and 3 show tliat three irregular sera examined by 
us (S. GOO, S. GOl, S. G02) all siiow values of mji unusually high 
for the toxms against which they were tested ; this applies to all 
four toxins used. The diffcronce occasionally obseiwed between the 
values for the same serum against diy and liquid toxins te.sted at 



Fig. n. — Calcium avidity curves for toxin XX121, ns in fig. 10. 

the same level is probably also duo to the serum being irregular 
and its toxin-antitoxin complex therefore affected to an unusual 
degree by the excess of calcium in the liquid toxin. Wo also 
supposed that irregular sera would bo non-avid in hoamol3dic tests 
at constant calcium concentration and in animal tests as compared 
with normally behaving sera. The results of hremolytic tests are 
shown in figs. 10 and 11, It appears that if the test toxin {e.g. 
NX121, fig. 11) ordinarity gives a steep calcium, avidity curve at 
J Lji, the curve at 1 La for both regular and irregular sera will be 
less steep than that at J Ljj ; i.c. both kinds of sera appear non- 
avid. . With test toxins (e.g. KX118, fig. 10) ordinarity giving a 
relatively flat curve at | Lu, regular sera (G.G.C. 37G8, G.W.P. IGO) 
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appear avid, irregular sera (S 601, S 602) non avid, -when tested 
at 1 Lh and J Ln It appears then that if the toxin antitoxin 
complos with regular sera is relatively unstable, all sera tested 
against the toxin mil appear non avid , if the toxiu antitoxin 
complex IS stable mth regular sera, non avidity is shown by 
irregular sera only Shortage of animals has made a thorough 
in-vivo investigation of these systems impracticable 

TitraUon of complex toxins 

If a serum containmg both a and 6 antibody is titrated hoamo 
lytically agamst a mixture of the two toxms, the answ er obtained 

wdl depend on whether the ratio exceeds or is less than the 

6 umts 

ratio of the corabimng powers of the corresponding toxms in the 

test dose Thus if m greater than the 

6 umts B combining power 

B value mil be obtamed, and vice versa Therefore if by any means 
we can so increase the estimated a combimng power of an a+d 

^ a combimng power , ,, a units 

toxm that the ratio ; is greater than 

B comfammg power B units 

instead of less, wo should obtam the « value instead of the 6 value 

of the serum Moreover, it is clear that if the ratio of tw o 

0 umts 

sera is greatly different, we might by addmg CaCU obtam the a 
value for one serum and the B value for the other, whereas if no 
CaClo were added the 6 value would be obtained for both Conse 
quently even if sera are tested against the same standard serum, 
Afferent values may be obtamed under different conditions 
Table XIII shows tho sort of result obtamed It is natural to 


Tabue xni 

Serum values ahtained brj titrating mixed a + 5 sera against a mixed 
tx+8 toxin, using different diluents and the same standard serum 


SeruiB 

Ilcal^aluc9 

Dilaent for toxin 

Semm \fllnc9 

o 

e 

A 

HHH 


BBS 

0 1 




0 8 pot cont CftClj, m B B S 

3 7 

B 



BBS 

10 0 




0 8 por cont CaClj m B B S 

G 3 

C 


10 

BBS 

10 (taken oa standatti) 




0 8 per cont CoCl, in. B B S 

10 (token 03 standard) 


V, till BBS fia diluent, all threo sww gita tbo 6 end point , with 0 8 per cont 
CaCl, in B B S , C gi\ cs Iho 0 end point, wlulo A and B gt\ o the a end point 
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suppose that all except technical errors can be eliminated by a 
control titration under the same conditions of a standard scrum 
against the toxin used in the test. What we have shonm is that, 

if this method of testing is used, the ratio — may 

standard serum •' 

depend on tlie conditions themselves. It may be objected that no 
investigator is likely to dissolve his toxin or dilute his serum in 
CaClo ; but some workers dissolve their toxin in broth, the calcium 
in which may bo sufRcicnt to make a considerable difference to the 
answer. The reverse procedure (that of reducing the a combining 
power of the toxin) is readily achieved b}*^ dilution in pho.sp}iato 
buffers or oxalate, with results which are casity appreciable. 

No indicator for titrations of complex toxins or sera should be 
considered satisfactory wliich fails to indicate for wliicli of the 
toxins and antitoxins tho end-point is being dolcnnincd ; the fact 
that different answers may be obtained for a particular test toxin 
and senun by varying tiio conditions may occasionally be useful in 
demonstrating the comjdexity of the systems invcstigiited. 


Titration of a. toxoids 

Naglcr (1941) has claimed that, if nhim-precipitatcd toxoids arc 
dissolved in sodium citrate to ono-half tho volume of original 
toxin and made up to voiuino with 1 per cent. CaCh, tho combining 
power of tho toxoids can bo estimated by limmolytic titrations of 
mixtures of toxin and toxoid against antitoxin. Our experience is 
that tho estimated combining power of a toxoids depends on 
the amount of a toxin with which they are mixed ; tho lower the 
concentration of toxin the lower tho estimated combining power of 
the toxoid. Slixturcs of tetanus toxin and toxoid behave in a 
similar maimer when tested in vivo against non-avid sera. Here 

Tablu Xlt'’ 

EJJect of CaCL concenfmOoa on comtim'jig power of ahm-prccipUatcd 
toxm Tcdissotvcd in sodium citrate 


riinl concentration of CrCI, 
(per cent ) 

Comblulnc po^^c^ of 1 c c of 
dI'5sol\c<l A 1* to\in 

0 

0 

. 0-0125 

0 

0-025 

0 

0-0.“) 

<0-2 a 

0-1 

0-2.“) a 

0-2 

0-10 a 

0-4 

0-51 a 

0-8* 

0-G2a 

1-0 * 

<0-4 a 

(ond-point unsatisfactory) 


♦ PrccIpiUtlon or calcium cHrato. 
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the failure to detect all the toxoid present seems to be due to the 
fact that non-avid tetanus sera hardly combine 'udth toxoid at all. 
We have also found that direct titration of alum-precipitated toxins 
dissolved in 2 per cent, sodium citrate gives values for the combining 
power dependent on the final concentration of CaCIa- Table XIV 
shows the estimated combining power of an alum-precipitated toxin 
derived from liquid toxin NN951 (1 c.c. = 1*5 a units) dissolved 
to half the original volume in 2 per cent, sodium citrate and then 
diluted to the original volume vuth varying concentrations of CaCU 
dissolved in B.B.S. 


lioiitine in-vitro a testing 

IVom our observation, rules can readily be drawn up to govern 
a testing. 

1. The test dose should be as high as is economically practicable. 
We suggest testing at J or 1 a unit. 

2. Liquid toxins owing to their relatively high calcium content 
are preferable to dry toxins. The test dose should be re-determined 
at regular intervals to allow for fall in titre. The test toxin should 
preferably be antigenically pure a ; if such toxins are not produced 
by the strains available and significant amounts of 6 toxin are 
present, they should be neutralised with appropnato amounts of 
6 antitoxin free from a antitoxin. As d toxin does not affect L.V., 
tliis precaution is strictly necessary only in hcemolytic testing. 

The luemolj’tic and L.V. values of typical regular a antisera 
such as G.G.G. 3768 and G.W.P. 160, determined at the same test 
dose against the test toxin, should not differ by more than 
10 per cent. Toxins giving differences greater than this should not 
be used, as with them it is not easy to determine degrees of avidity 
in sera. 

There is naturally no certainty that toxins produced from all 
strains will have approximately the same calcium content. 
Determinations of calcium concentration should therefore he made, 
and if the concentration is much less than the equivalent of 
0-05 per cent. CaCU, it should be brought up to this level by the 
addition of CaCU to the bulk toxin. Judging from our own 
experience this will seldom be necessary. Dilations of liquid toxins 
should be made in B.B.S. containing 0‘05 per cent. CaCl, and 
1 per cent. Parke Davis peptone. 

3. Dry toxins should bo dissolved in 0*05 per cent. CaCU-f- 
1 per cent. Parke Davis peptone in B.B.S. of pH 8. They will tlien 
behave very much as liquid toxins do. Toxins so dissolved can bo 
selected for testing by the method used for liquid toxins (vide supra). 

4. The standard serum must not be irregular ; wlien tested 
agair^t a typical liquid toxin tho haemolytic and L.V. values at 
the same test dose should not differ by more than 10 per cent. 

2d 2 


/0CB5. OF PATH.— TOL. im 



364 


C. L. OAKLEY AND G. H. WAKI2A0K 


5. Owing to its liigli calcium content and relative insensitivity 
to changes in calcimn concentration, L.V. is the most satisfactory 
general indicator. It also lias tlie advantage of speed ; several 
consecutive tests on the same serum can bo done during the day. 
As liigh concentrations of serum tend to prevent aggregation of fat, 
L.V. is unsuitable for testing sera whose value is less than about 
10 a units. If L.V. is made in a constant manner its calcium 
content is fairl}^ uniform. 

G. Dotennination of a values of antitoxins from 10 to yIh 
a units is best done by h!emol3’tic testing on serum — never on 
plasma. As no great aecuracj- is usually neccssarj*, no notice 
need be taken of the increase in estimated combining power of the 
toxin duo to the relativch' high concent I'at ion of serum. 

Silclhod. From 10 to 1 a unit vnlnrscnn ho (lotonuiiiocl ns forvnUio=: greater 
than 10 a (-^eo below), exci-pt that red celts inu'.t la- u--ed ns the indicator. 

For values below 1 a unit dilute the to.xin in O-O.l per cent. CnCL in B.B.S. 
to give eonvenient .sub-iniiUiples of the L„— c.g. b .ve 

4 ,',,-, — in the tC't volume. To this volume of each dilution add ()•!> c.c. of 
tho undiluted test .serum, or Ic'S if the «enim is markedly liremoly tic to .=heep 
red cells. Mix by iivvoision over --quares of non-nbsorl>ent paper. Put. up a 
control in which O-o c.c. of normal hor'C senun a) is added to the 

tost volume at each level. Mix. Allow both to stand for 4-1 hour, add 
0'5 c.c. of 0 per cent, .sheo]) red eells to each tube, incubate for 1 liour at 
37“ C. in tlie water-batli, allow to cool and read nc.xt nioming. Tho error of 
one test is about 50 per cent. 

7. If the value of tlie scrum is above 10 units, preliminary 
tests should 1)0 done using L.V. ns indicator ; in the final determina- 
tions parallel tests should be carried out at the same time witli red 
colls and L.V. as indicators. If there is a dificronce greater than 
10 per cent, between the hoimolj'tic and L.V. values of tlie serum 
determined against the same lest dose of a Ij'pical liquid toxin, 
the serum should bo regarded as irregular and probablj' non-avid. 
A standard serum should always be titrated for comparison. 

Method. To the test dose of toxin ndd volumes of scrum suitably diluted 
in B.B.S. nnd diflbring by convenient amounts — in preliminnrj- tests 50 per 
cent., in final te.sts 10 jier cent. Make up to constant volumo with B.B.S. 
!Mix by inversion over non-absorbent paper, allow to stand bnlf-an-liour 
nnd add 0-5 c.c. of indicator (0 per cent, .slieop red cells, or L.V. prepared 
by tho method of Jlncfnrlnno ct al.). Red colls need not bo mixed in, L.V. 
must bo. Incubate for I hour at 37° C. in tho watcr-bntb, allow to cool nnd 
rend next morning. For L.V. tc.sting tho crude end-point should bo used as 
tho indicating tube ; in haimolytic testing any convenient positive end-point 
is adequate ; wc have irsed 20 per cent, liafmolysis. Rough results can tisunlly 
bo obtained one hour after removal from tho wnlcr-bath. Tlio error of one 
test is about 10 per cent, at 10 per cent, dinbroncos, 25 per cent, at 50 per cent, 
difforenccs. 

8. All glassware used should bo thorough^ washed at least 
ttricc in distilled water and dried before use. If new glassware is 
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used Tmthout uaslimg for Injmolytic testing, tiio results are often 
extremely irregular 

Since m most laboratories a standaid method of toxin production 
yielding a fairly uniform toxin with a calcium concentration not 
varying more than 50 per cent round the mean is sooner or later 
adopted, httle difficulty is likely to arise m the comparison of a 
antisera inth standards by m vitro methods, so long as a uniform 
technique is adopted Small variations in calcium concentration m 
toxins are of little importance except m the titration of irregular 
sera In these lahoratones for instance thousands of sera have 
been tested by m vitro methods, and save in sera now Imown to 
be irregular, the methods have shown excellent agreement wath one 
another and wath lethal tests in mice Mffien, how ever, comparisons 
are attempted between toxms grown on media of wadely varjmg 
composition, the results are unlikely to bo reliable unless the 
concentration of calcium m the toxin is taken mto consideration 


Disoussion 


Apart from their importance m a toxin antitoxin testing, the 
expermients here desonbed throw some hght on testmg for toxins 
and antitoxms in general Considermg a testmg first, it is evident 
that a number of apparently simple assumptions wall have to be 
reviewed 

1 That the ratios between tho L^, La and L^, and thoso 
betw een the M H D , SIND and M L I) of an antigemenlly pure 
toxin are constant for all samples of that toxm Since by varying 
the calcium content of an a toxin wo can reduce its M H I) and its 
minimal opalescing dose for serum without altering the M N D and 
M L D , the ratios between these values can bo made to vary 
Simdarly the La can be made to vary without affectmg the or 

2 That inspection of the ratios and for a particu- 

lar typo A toxm wall give information on the purity or oven tho anti- 
genic composition of the toxin Thus Ipsen and Davoh (1939) 
state that pure a toxms have the characteristics 


MLD 

MHD 


< 1 , ^ = 1-1 6 . = 0 8 - 1 , 


■\^lle^eas 6 toxms contammg a trace of a give 


MLD 

MHD 


> 100 , 


> 15 , >1 

Lh 


Under different conditions our toxm NX121 gives tlie values 
shoMTi m table XV Owing to the different levels at wluch the 
titrations have been done, concurrence with the values obtained 
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by T])seii cl al. could hardly bo cx])ectcd ; avo lay stress oiilj'^ on 
tho fact that avo can make the x’alucs A’ary. 

Tahle XV 


Minmal indicating and teal doacs of toxin A’’X121 al different calciwn 

concentrationa 


Jtolnr conrcntratloii of 
calcium in to\in 

1 

M.n.n. 

(me,) 

.At T,.U. 
(mi;.) 

Ar.i..u. 

I‘+ 

l-n/IO 

'i-i.n 

i.„no 

l.n/10 

M.H.IJ. 

(niR.) 

(me.) 

(me.) 

1.4. 

1-1, /4 

3-7 X. 10-= 

1 

0-01 i 

003 

3 

1-7 

0-1-2 

2-r. 

0-07 

O'OiS 

•t-r. X 10 -’ 

o-cooo 

0 03 

fiO 

1-7 

014 

0-87 

O'OS 

0-100 


As tlio Li, ia nover found (o cqtinl 4 xLi,/ t if tho toxin ia diluted in B.R.S., tlio 
olisorvod viduca nro given und not. Ln or Ln vnluoa derived from them hy 
mult ipliention. 


3. That the ratio 


Li, 


is some indication of tho amount of 


JI.H.D. 

toxoid present. — tho loAvor tho A’aluo tho more toxoid. Table IX 
giA'cs Ahalucs for this ratio for toxin NX540 under dilToront conditions 
and shoAvs tho unreliability of this tj’po of argument for a toxin. 
Nor can it bo claimed that our oxjtcrimonts haA-o been done under 
conditions far romoA'cd from those occurring in practice, for tho 
calcium content of a toxins Agarics A’ory AA-idoly, oAA'ing to tho A'ary- 
ing degree to AA’hich tho CaCOs added to tho medium is dissoh’ed 
by tho acid produced during groAA’th. Nineteen liquid toxins 
examined by us had a calcium content A’arying botAV’con 3 and 
G X 10'® jlf. Dry toxins contain A'ciy little calcium per Lu ; 
NX121 had only 3-7x10'® ill. AA'hon dissolved in B.B.S. so that 
1 c.c. ss 1 a hromoljdicallj'. DilTorenccs may therefore bo expected 
betAvecn dry and liquid toxins in hremolytic testing. The uso of 
Jj.V. as indicator Avill tend to give higher A'alues for tho combining 
j)OAver of a toxins than hrcmolytic testing : tho discrcpanc3’ A\-ill 
bo greater for dry than for liquid toxin. TJio higher tho concentra- 
tion of calcium in the toxin, tho greater Avill bo tho difference 
betAveen the M.L.D., tho i\I.N.D. and tho j\I.H.D., and betAA’con 
L„ and Lu (table XVI) ; the methods nro not accurate eirough 
to shoAV much difference Avhen tho calcium A’-alucs lie close together, 
especially at the Ioav test doses AA'hich arc essential in skin testing, 
but tho difference betAveen the diy and liquid toxins is obAdous. 

It is AA^ell knoAAUi that sub-multiples of the test dose do not 
7iocossarilj’’ measure oquiA’-alont sub-nrultiples of combining poAA'or. 
If tho serum is avid, SAib-mvdtiplcs of tho test dose, oAA'ing to the 
reduction in tho number of indic.ating doses, AA-ill require rolatiA'cty 
less serum for neutralisation ; if it is non-avid, they may require 
rolativolj’^ more. But avo are not awaro of anj* toxm-antitoxin 
system Avhoro variation of in-Autro conditions at constant Amlumo 





















a TOXIN or CL ^VELOHn 


307 


will alter the apparent combining power The imphcations are 
obvious enough and are particularly important when physical 
methods of examuung « tosm are under consideration Let us 

Tame XVI 

Test doses of lartous a toxins at a unit 


Toiin 

Coodition 

Molar concentration of 

calcium 

!*+ (c c ) 


L]i (c c ) 

KN937 

Liquid 

2 5x10'* 

15 

1 35 

1 2 

NN953 


3 IXlO'* 

0 D5 

0 75 

0 65 

NN9o7 


3 1 X 10'< 

0 85 

0 s 

0 6 

NN95S 

„ 

4 3X10 * 

1 2 

1 0 

0 7 

NN903 

,, 

3 6xl0'« 

2 0 

1 8 

1 5 

N>-924 

„ 

4 6X10 * 

0 9 

0 85 

0 0 

NXlll 

1 Dry, f 

1 2x10 « 

0 85 

0 S 

0 8 

NXU8 

^ dissolved 

9X10 • 

0 53 

0 5 

0 6 

NX119 

J inBBS ( 

7X10 « 

0 53 

0 5 

0 5 


suppose for instance that ultracentnfugation, diflFusion, or ultra- 
filtration IS being used under optimal conditions to determme the 
particle diameter of a toxin, and that the toxm has been calibrated 
by diluting it in B B S and constructmg a graph from ^luch the 
real fraction of the original toxin present can be estimated from its 
apparent combining power 

1 Ultracentnfugation The toxin particles will be centrifuged 
out more lapidly than calcium ions , exaramation of the combining 
power of the supernatant wiU therefore indicate more tosm than is 
really present (considered as a fraction of the total) The value 
for the particle size will therefore be too small 

2 Diffusion Calcium ions -mil diffuse more rapidly than 
toxin, the apparent combming power of the diffused toxm will be 
too great and the particle size deduced too small 

3 Ultrafiltration Calcium ions ivill ultrafilter more readily 
than toxin , more toxin will be determined m tbe filtrates than is 
really present and the filtration curves will be maccurate in form 
Moreover, smee the calcium salts are readily wasiied tlirougli 
membranes which retain toxin, it is un)ustifiable to assume that 
washings from such membranes made up m calcium free diluents 
contain no a toxm because they do not haimolyso red cells 

Since the discrepancy vanes mth different toxms and sera, the 
only XI ay out of the diSicuUies is either to use a method xvluch 
does not mvolve the use of an mdicator (such as flocculation) or 
to cahbrate the toxin and serum which are to be used over a wide 
range of calcium concentrations and use these curves to correct 
the values foimd in experiments Some workers (c g Reed ct al , 
1939) add magnesium salts to their media , these must also bo 
taken into consideration 
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Notwitlistanding the fact that all our toxins liavc boon derived 
under practically uniform conditions from the same strain (S.R. 12), 
they sliow marked differences in tlieir bcha\dour towards a. antisera. 
Inspection of calcium avidity curves shows clearly that the stability 
of the toxin-antitoxin complex varies with the toxins as well as 
' with the sera ; the value m gives a rough idea of the stabilit^’^ of 
the complex — ^the lower it is the more stable tlie complex. Barr 
and Glenny (unpublished observations) have sliown tliat the dilution 
ratio for any particular diphtheria antitoxin may vary with the 
toxin used for the test. They refer to the “ aflinit 5 ' ” of toxin and 
toxoid for scrum as compared with the “ avidity ” of sera for toxins 
and toxoids. Tlicj' found that dificrent batclies of diplithoria 
toxoid varied in affinity for antitoxin as compared with a standard 
toxin. Similarlj’- Glenny and Stevens (unpublished) found that if 
sora RX 3102 and F.C. 3410 Avero tested against tetanus toxiirs 105 
and 170 with a constant standard .serum the apparent value for 
RX 3102 was higher with toxin 165 than witli 179, while with 
F.C. 3410 the reverse Avas the case. In other AAords RX 3102 
“fitted” 105 better than 179; F.C. 3410 “fitted” 179 better 
than 105. 

Calciunr avidity curves afford a method of determining goodness 
of lit betAA'con a toxins and « antisera ; it remains to be seen Avhetlier 
toxins giving a good fit AA'ith antisera have higher immunising value 
than those aa’Iiosc fit is poor. 

In estimating toxin or antito.xin it is usual to mix constant 
amounts of one component Avith A'arying amounts of the other and 
determine the “ neutral ” point. Two tyjACS of method arc available 
— tliosc involving the use of indicators and the flocculation method. 
When a mixture of toxin and antitoxin affects an indicator it is 
natural to assume tlint at least one minimal indicating dose of 
toxin AAms present in tho mixture before the indicator was added. 
In otlior AA'ords the indicator (red colls, lecithoAitellin, serum,, 
animal body) does not interfere AA-ith tho reaction system but mcroty 
indicates any amount of toxin greater than one minimal indicating 
dose. If tho argument on p. 345 based on the law of mass action 
applies to tho present case, it is clear that this may not he true 
and that tlio addition of an indicator may so upset tho equilibrium 
of tho -system that toxin is sot free by dissociation of the toxin- 
antitoxin complex. Hoav nuich is set free will depend on the 
stability of that complex, and on this also aauU depend the amount 
of antitoxin AA'hich has to bo added to repress its dissociatioiA. The 
result of ail this is that the neutral mixture in an indicating system 
wiU ordinarily contain more antitoxin than strict molecular 
neutrality AA'buld demand. 

Dilution of “ neutral ” toxin-antitoxin mixtures AA’ill also give 
results dependent on the stability of the complex. Dilution of an 
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equilibrium mixture by two will reduce [T] and [A] to one-Iialf, as 
well as [TA]. The equilibrium ratio will therefore bo reduced to 
K/2 and TA must dissociate to restore the old value K. The degree 
of dissociation will depend on the stability of the complex, and on 
this also will depend the effect of adding the indicator. The final 
result will depend on whether the extra toxin set free by dilution 
and the addition of the indicator is sufficient to offset the reduction 
in total indicating doses duo to dilution. 

The interest of the a toxin-antitoxin reaction lies in the fact 
that we can at will favour the in-vitro indicator reaction {c.g. 
calcium ions-f-toxin-{-red cells-^hsemolysis) and thereby greatly 
alter the foxi'n-antitoxin equifihrfum, nnth correspondingly marked 
effects on the estimated combining power of the toxin. 

In a flocculation test, the tube flocculating first is regarded as 
neutral ; and since no indicator is present to compete with the 
antitoxin for toxin, it might be hoped that the neutral point as 
estimated by flocculation would be a more exact determination of 
molecular neutrality than could be obtained by any method 
involving indicators. Certainly « toxin-antitoxin flocculation is 
unaffected by the concentration of calcimn present, but unfor- 
tunately the answers obtained for dry toxins are usually much 
liigher than those obtained by indicator methods, winch, unless 
large amounts of toxoid are present, is the reverse of what would 
be expected. 

SuiklMARY 

1. The estimated value of the minimal indicating dose of a toxin 
against red cells, human serum and lecithovitelhn depends on the 
concentration of ionised calcium present. Increase in the calcium 
or magnesium concentration leads (up to a point) to a decrease in 
the minunal indicating dose. 

2. The minimal lethal dose and the minimal necrofcising dose 

are independent of the calcium concentration, presumably owing 
to the free diffusibility of calcium ions. ' 

3. The estimated combining power of a toxin is increased by 
increase in concentration of calcium or magnesium ; the relationship 
is logarithmic : log. combining power = m (log. molar concentra- 
tion of calcium or magnesiura)-^ a constant. The value of ?n varies 
greatly for different toxins and sera. An explanation of this is 
Siig^ted on tlto basis of the lau' of mass action. 

4. a Toxins differ qualitatively among themselves in tlie 
stability of the compounds th^-^ form with a antisera ; these 
differences can bo demonstrated and measured by “ calcium 
avidity curves 

5. The combining power as determined by intravenous inocula- 
tion of toxin-antitoxin mixtures into mice or intracutaneous 
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injection into guinea-pigs is unafTected by changes in calcium 
concentration. 

G. Tlie neutral point in flocculation tests of a toxin-antitoxin 
mixtures is unaffected Ijy changes in calcium concentration. 

7. On these findings an explanation is suggested for the 
differences in scrum values obtained by titration against various 
dry and liquid toxins, using red cells and iccitho'i’-itellin as indicators. 

8. The effect of these ob.scrvations on the titration of a toxin 
and antitoxin and their general bearing on toxin-antitoxin te.sting 
is discu.sscd. 

Wo wish to oxpross onr gnititndo to Mr A. T. GIcnny for constant interest 
and innumernblo sugfiostions ns well ns for most generoas .supplies of sorn, 
to Wiss II. 1C. Ross nnd Mr A. Thomson for large supplic's of both dry and 
liquid toxins, to Mi.ss I. M. Tonkin for tho substance of table XVI, to 
Dr C. G. Pope for tho substanco of table VIII and to Miss 51. Bnrr, Miss 
D. M. Jlarvcll nnd Dr R. G. Mnefnrinno for much ttscful information. 
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EXPERMENTS ON DRYING AND ON 
FREEZING BACTERIOPHAGE 

^UeGABET L CAMPBEUi ReNTON 
From the Department of Public He<iUh, Unticrsily of Edinburgh 

CoarPABATTPEDY little worlvhas been done on the desiccation of bactenophage 
Ifnorr and Ruf (1934 35 ) dried small quantities on co\erslips and on mica 
at room tomporature mthoub ci vacuum for var3mg times up to 2 hoiurs 
Tliey found that the greatest drop in litre occurred when the pliago became 
partially drj Thus the litre of n Bact coh phage dropped from 76 per cent 
of tho original litre after 6 mmutes* drying to 6 7 per cent after 10 minutes 
Although this phage and a Bad typhosum phage were largely destroyed by 
drjnng, a Bad dysentenae rioxner phage was unaffected 

The aims of my experiments were to ascortaui by quantitative 
measuTomonts (1) -whether diflforent phages could be classified 
according to thoir sensitmty to destruction by desiccation, (2) 
whether, by drying, different types could be isolated from a mixed 
phage and (3) suitable media for the preservation of the phago 
during drjnng Espennients on freezing undried and partially 
dned phago woro also made 

TECHNIQtTE 

Stock bacteriophages woro propagated pcriodicallj on their homologous 
cultures m tho following medium, suggested by Dr A L Robinson 


NaCl 

0 50 g 

MqSO, 

0 02 „ 

K2HPO4 

0 10 „ 

Sodium citrato 

0 20 „ 

(NH^lnSO, 

0 10 „ 

Glucose 

0 10 „ 

Peptone (“ Bncto *’ brand) 

0 01 „ 

Diiitilicd water 

100 c c 


Tho pH was adjusted to 7 8 After 24 hours* incubation at ZV C tho 
phage;? wero filtered through L 5 or L 3 CUambcrlond filters and stored in 
tho ICO chest 

Tlio phago -was diluted in Robmson*s medium to tho required titro and 
ono standard drop was dried by tho follo-wing procedure With a Drojer 
standard dropping pipetto, ono drop of tho su'speasion was put into each of 
a Kcnea of stcrilo test tubes of a unfform mtonor diameter of 8 mm At tho 
Bamo time ono drop was put mto a stwilo dwarf tost tubo containing 9 
standard drops of Robmson’s medium Tins control samplo was kept in tlio 
cold store imtil tho timo camo to test it together -with tho dried drops 

Tho tubes contammg the samples to bo dried woro put m a glass container 
m a desiccator contammg a small basm of phosphorus pcnto>ado and fitted 
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•vT-itli n mnnomotor. TJio wool stoppers woro taken out of the tubes, and tlio 
desiccator ovneunted with a Ceneo JIj'\'nc pump for 30 minutes. Tlio samples 
froro witliin 4 minutes under these conditions and remained so until “ diy 
After this the tubes ivero loft m vacuo m tlic desiccator at room temporaturo 
for a given, time. When the tubes were taken out of the desiccator 10 drops 
of Robinson’s medium were immediately put into each — allowing for the 
evaporation of the dried drop, this brought the samples to one-tenth of 
their original titro. Tlio samples were then further diluted in a series of 
dwarf tost tubes using Robinson’s medium ns the diluent. A fresh Dreyer 
pipette was used for ranking each dilution ; the pipettes were sterilised by 
boiling m distilled water and dried by a suction pump with neetono and 
tlammg. Ten-fold dilutions were usually made and encli dilution was 
thoroughly mixed by sucking up and down, in the pipette. 

Potn dishes, each containing 10 c c. of l-S per cent, nutrient agar, were 
floockd uith a 24-hour grouth of tlio nppiopnnto imcroho in Robinson’s 
medium ; the excess was pi[iettcd off and the inoculated plate dried for ono 
hour at 37° C. with n sheet of filter paper m place of the hd. The pinto was 
then placed on a paper marked with seven circles which could bo seen 
through tile agar ; by this mcnn.s Ke\en stnndnid drops could bo put sym- 
motricnlly on each plate. Al'ith experience of a phage it was possible to 
foretell fairly well in which of the 10-fold dilutions of the control and of llvo 
dued snmplcb 10-100 plniiues m a standard drop would be found. Tlio 
plates were then incubated at 37° C. for 18-21 hours and the plaques in each 
inoculated area counted. The counting was facilitated by ruling linos in ink' 
on the bottom of the plate. By holding the plate below a lamp against a 
dark grounti the plaques could bo easily coimtcd with n hand lerts. 

Calculation of results ; the “ standard curve " and the “ index 
of destruction ” 

The “standard curve” of Dreyer and Cninpbcll-Renton (1933) was 
devised because, w’hen a scries of dilutions of plingo is plated, the number 
of plaques formed is not exactly proportional to the concentration of the 
phage. The ratio between bnctciiophogo concentration and the number 
of plaques fonned was represented grnpluenlly by a standard cune based 
on actual exponments. Tins standard curvo constitutes a basis for tho 
quantitative estimation of tiio concentnition of any bnctonopbngc. Yen 
(1934-36) found that tins standard ciurvo fitteil Ins observntion.s with n 
Bacf. difscnlcriw Shiga plinge. 

A like phenomenon is seen with vegetable viruses. Bawdeu and Pirio 
(1938, p. 76) in their experiments with potato virus “ X " found that “ Tlio 
decrease m numbers of local Iosioils accomponyiiig dilution is not directly 
proportional to tlio dilution, but moio are obtained at high dilutions than 
would bo expected ”. With tho tobacco mosaic virus tho deviation from tho 
straight hno was oven moro noticeable. 

The viability of tho phage in tho control and in the dried drops was 
dotormined ns follows, TJio “ phngo units ” wliich corresponded to tho 
number of plaques coiuitcd m each area wore read off from tlio standard 
curvo. Tlio fraction expressing tho dilution, multiplied by 10^ and divided 
by tho number of plingo units corresponding to that dilution gives a figure 
which is called tho K of tho sample. Tlio Iv of each dried sample divided 
by tho K of an imchiod control on tho same plate gives a ratio which I hnvo 

called tho “ Indox of dostTwetion ”, or for brci’itj' tJio *' I.D.” = per- 

centage of phngo sundving). 
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Table I sbo'ws an experiment "with the phages of staphylococcus 
“ Pasteur ” and Bad paratyphosum B (*‘ I) large ”) to illustrate 
tlie method of calculation In tins experiment equal volumes of 
the two phages were mixed together before desiccation and drops 
of the control and of the dried mixture wore put on plates inoculated 
with each microbe It 'vnll be seen that, under identical conditions, 
the staphylococcus phage is 188 times more sensitive to the 
destructive effects of drymg than the D RI large ” phage 

Variability of experimental results 

When the plaques m an area numbered about 10 100 the 
variation m the results obtained from platmg drops in dupheate 
or triphcate was not great In 31 experiments where tlie nuinbei 
of plaques lay between 5 and 70 the average standard do\nation 
from the mean among dupheate drops was 10 7 per cent In 
another experiment when seven drops of an undried phage in a 
dilution of 1 100,000 were plated, the average count uas 81 
plaques per drop and the standard deviation 18 8 per cent Seven 
drops of a dried phage in a dilution of 1 200 gave an average 
count of 103 plaques and a standard deviation of 9 3 per cent 

In order to see whether six dried samples gave an average 
I D comparable v ith that of a larger number of samples, 27 sainplo 
drops of Bad paratyphosum B (“Gl^') phage uero dried for 
three days and diluted to 1 100 Drops from 0 of these samples 
wore plated separately and a mixture was then made of the 
27 samples, taking two drops from each This mixture u as plated 
in tnpheate The average I D for the 6 samples plated separately 
was 358 and for the 27 mixed samples 368, u luch showed good 
agreement 

Although mdividual dried samples in a senes of six may shov 
considerable differences in I D , tho average of sots of experiments 
of 4 to G samples made at different times shows veiy httlo variation 
The average ID for “ G 1 ** phage m 15 experiments uas 395 
with a standard deviation of 35 4 per cent Nino experiments 
with staphylococcus " Pasteur ” phage had an average I D of 333 
w ith a standard deviation of 44 7 per cent Seven experiments 
•with “DH largo” phage had an aaerage ID of 1 3 with a 
standard deviation of 21 2 per cent The ** G 1 ” phage and the 
staphylococcus “ Pasteur ” phage show no significant difference 
in their sensitivity to drying, but the “ D M large ” phage differs 
from both to an extent outside the range of an\ experimental 
variation 


Tlio standard do% xations oro expressed as porcontngDs of tho moan 
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■witli a mnnomotcr. Tho -wool stoppers wero taken, out of tho tubc.s, and tlio 
desiccator evneuntod with a Conco Hj'vnc pump for 30 rninutes. Tlio samples 
froze within 4 minutes under these conditions and remained so until “ dry 
After this the tubes were left in vacuo in tho desiccator at room temperature 
for a given time. When tho tubes were taken out of tlio desiccator 10 drops 
of Robinson's medium were immediately put itito cnch—nllowing for tho 
evaporation of the dried drop, this brought tho samples to one-tenth of 
their original titro. The samples were then further diluted in a scries of 
dwarf test lube.s using Robinson’s medium ns the diluent. A fresh Droyor 
pipette was used for making each dilution ; tho pipettes were .sterilised by 
boiling in distilled water and dried by a suction pump with acetone and 
flaming. Ten-fold dilulion.s were nsnnllj'- made and each dilution was 
thoroughly mi.ved by sucking up and dorni in tlie pipette. 

Petri dishes, each containing 10 c.c. of 1-8 per cent, nutrient agar, wore 
flooded with a 24-hour groivth of tho appropriate microbe in Robinson’s 
medium ; tho excess was pipetted off and the inoculated plate dried for one 
hour at 37° C. with a sheet of filter paper in place of the lid. Tho plate was 
then placed on a paper marked with Roven circles which could ho seen 
through tho agar ; by this means .seven standard tirops could bo put sj-m- 
mctrically on each plate. With experience of a plmgo it %vas possible to 
foretell fairly well in which of tho 10-fold dilutions of tho control and of (ho 
dried .samples 10-100 plaques in n standard drop would bo found. The 
plates wore then incubated at 37° C. for 18-24 houi-s and tho plaques in each 
inoculated area coimlcd. The counting was facilitated by ruling lino.s in ink' 
on the bottom of tho plate. By holding tho plate below a lamp against n 
dark ground tho plaques could bo easilj' counted with a hand lens. 

Calculation of results ; the “ standard cum ” and the “ index 
of destruction ” 

Tho “standard curve’’ of Drojx-r and Cnmpholl-Renton (1033) was 
devised beenuso, when a series of ililutions of phage i.s plated, tho mxmbor 
of plaques formed is not exactly proportional to tho concentration of tho 
phage, Tlio ratio between bacteriophage concentration and the number 
of plaques formed was represented graphically by a standard curve based 
on actual experiments. This standard curv’o constitutes n basis for tho 
quantitative estimation of tho concentration of any bacteriophage. Yon 
(I934-3C) foun<l that this standard curve fitted his observations with a 
Bttct. dyscnfcricc Shiga phage. 

A like phenomenon is seen with vegetable viruses. Bnwdon and Firio 
(1938, p. 7.7) in their experiments with potato viros " X ” found that “ Tho 
dccrca.so in numbers of local lesions accompanying dilution is not directly 
proportional to tho dilution, but more arc obtained at high dilutions than 
would bo expected With the tobacco mosaic vines the deviation from tho 
straight lino was oven more noticeable. 

TJjo viability of the phage in tho control and in tho dried drops was 
dotorminod ns folIow.s. Tho “ phage units ’’ which corresponded to tho 
number of plaques cotmted in each area wore read off from tho standard 
curve. Tlio fraction expro.s.sing tho dilution, multiplied by 10“ and divided 
by tho munber of plmgo units corresponding to that dilution givc.s a figure 
which i.s called tho K of tho .sample. Tho K of each dried sample divided 
by the K of an undriod control on tho same plate gives a ratio which I liavo 

/lOO 

called tho “ Index of destruction ’’, or for brevity tho “ I.D.’’ == per- 

centage of phago surviving). 
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upon the spinal canal. Other tumour masses were present in the 
iliac bones, sternum and nearly every rib. The lungs were congested 
and cedematous and there were areas of confluent pneumonic 
consolidation in the left lower lobe. The heart weighed 350 g. 
and the normal relationships were preserved. The right and left 
kidneys were enlarged, weighing 170 and 225 g. respectively. There 
was marked pallor, especially of the cortex, and the organs had a 
firm but not rubbery feel. On section they were more resistant 
than normal and the cut edge remained sharp. The cortex was 
indistinct and showed no pattern ; it was but slightly reduced in 
width. The capsule stripped easily, leaving a smooth and rather 
yellowish-grey surface marked only by a few prominent veins. 

Microscopical examination. The tumour masses presented the 
histological structure of multiple myelomata. Their cells -were of 
plasma cell type but their cytoplasm failed to stain specifically; 
The kidneys presented an unusual pietm-e. The most marked change 
affected very many of the tubules, especially the distal convoluted 
and coUectiag tubules and to a lesser extent the ascending limbs 
of the loops of Henle. An unorganised but sometimes laminated 
material blocked the lumen and compressed the lining cells (figs. 1 
and 2). Debris of epithelial cell origin contributed nothing to the 
formation of these casts. Only some tubules were much dilated 
by the casts, which very rarely approached the width of a glomerulus. 
In relation to these there was often regeneration of epithelial cells, 
and though these were within the tubules they often resembled 
the giant cells of a foreign-body reaction. True giant cells lying 
in relationship to the reticulum were very rare. The characteristic 
appearance of the lining cells of the tubules at different levels was 
somewhat altered. This was partly due to post-mortem change. 
There was also some epithelial cell regeneration and nuclei w.ere 
sometimes slightly increased, even in segments devoid of casts. 
More often the lumen of the tubules was collapsed and many tubules 
were atrophied. Regressive changes were occurring without the 
presence of significant fatty or hyaline droplets, but aniline blue 
staining showed that there was some thickening of the basement 
membrane of these tubtdes. The changes were diffuse. There was 
very little inflammatory cell infiltration. The amount of reticulum 
contributed by the collapse and condensation of the intertubular 
framework following the atrophy and removal of the tubular 
epithelium was considerable in some areas (fig. 1). In this, strands 
of collagen were in process of formation and the interstitial tissue 
throughout the organ was greatly increased. The glomerular 
changes were remarkably uniform though varying slightly in degree. 
Less than 4 per cent, of the glomeruli were effete or hyalinised. 
There was some slight thicl5,emng of the capsular basement 
membranes and of the pericapsidar fibrous tissue. Where marked. 
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tins was associated with, some atrophy of the glomerular tuft 
Occasionally the capsular lining cells were very shghtly prominent 
but there was no crescent formation The afferent arterioles were 
often shghtly dilated and the glomeruh appeared relatively avascular 
Thickened strands, staining reddish brown with van Gieson and 
blue like the basement membrane with amhne blue, altered the 
pattern of the glomeruh, giving them a more lobular appearance 
(fig 2) This material occupied a relatively central position m the 
glomerulus and merged with the glomerular basement membrane, 
which thus appeared greatly thickened, though only m parts The 
basement membrane of the peripheral loops showed no distinctive 
thickenmg or fibrillation In the thickened strands a large amount 
of material silvered lilt.e reticulum (fig 1) It was often contmuous 
with the reticulum at the hilum The glomerular lesion resembled 
the primary degeneration of the mtercapiUary connective tissue 
as described by Kimmelstiel (1935) There was the same pattern 
and apparent relationship of the axial strands to the lobular 
capillaries There were no hyahiie mtracapiUary fibrill® as in 
glomerulonephritis (JIcGregor, 19296) and stains for amyloid were 
negative There uere no hyaline changes m the arterioles and the 
arteries showed very httlo mtimal proliferation 

Apart from cedema, congestion and some inflammatory changes 
in the left lung the other organs presented no abnormahty Special 
attention was duected to the blood vessels 

Sunimary In tins case casts, not formed by epithelial debris, 
occupied the lumen of many of the renal tubules and were associated 
with regressive changes and atrophy of a great part of the tubular 
epithelium Removal of many effete tubules was associated with 
collapse of the reticulum, extensive fibrous tissue reaction and 
distortion of the renal architecture 

Case 2 (A 2511) 

Cluneal history A housewife, aged 43 years, gave a C montlis’ history 
of sharp darting pauis m the legs, later becoming a dull ache There \\as 
no ^rasting and, no oedema Tho hacmoglobm. was 40 per cent and the blood 
pressuro averaged 144/82 mm Hg X ray examination sJiowed rarofitd 
areas m the ribs and vertebrao Bence Jones protein and largo amounts of 
albumin were passed in tho urme but renal function was not studied Twenty 
daj'3 before death complete paralysis of tho legs do\ eloped 

Post mortem Myelomatosis (plasma cell typo) with involvement 
of the vertebrie and ribs Invasion of the epidural space , spmal 
imraplcgia Interstitial pancreatitis Pat necrosis m mesentery. 
Diffuse fatty changes in hver Casts in renal tubules (^Macro 
scopically the kidneys appeared normal ) 

Microscopical examination The renal changes were shght and 
rather focal in character Only a fea\ tubules, cluefly tho distal 
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convoluted and collecting tubules, showed casts and these were ' 
smaU. Around the casts, but only to an insignificant degree else- 
Avhere, there was proliferation of the tubular epithelium. The cells 
of the proximal convoluted tubules showed necrolytic changes, but 
the complete absence of reaction or inflammatory cell inMtration 
indicated that this was a post-mortem development. Dilatation of 
the proximal tubules and capsular spaces was absent. Occasional 
giant cells represented tubules which had contained casts and, 
with a few small focal scars, served to indicate the duration of the 
condition. Very few glomeruli were hyalinised but a few showed 
some tiuckening of the capsular basement membrane. Reticulum 
in the glomerular tufts was limited to the immediate neighbourhood 
of the hilum. 

Simmary. In this case the lesions were relatively slight and 
the general architecture was not distorted. Comparatively few 
tubules were involved, though the lesions were of some duration. 

Casa 3 (A 2866) 

Clinical history. A labourer, aged 69 years, complained of marked increase 
in long-standing epigastric discomfort and of recent loss of appetite and 
extreme wealtness and tiredness. Ho had vomited frequently during the 
preceding 0 weelts and had lost weight. Examination revealed a microcytic 
aninmia with htemoglobin 60 per cent., blood pressure 120/70, and no radio- 
logical evidence of any intestinal lesion. Tlie blood urea was 201 mg. per 
cent, and rose during the 17 days before death to 330 mg. per cent., when 
the blood creatinine was 9-5 mg. per cent. A urea range test gave fixed 
specific gravities of 1012 and 1010. Three days before death the urine was 
found to contain Bence-Jones protein as well ns considerable amounts of 
albumin. X-ray examination of the skull, thorax, lumbar region and' pelvis 
failed to reveal any areas of rarefaction. 

Post-mortem. Very numerous tumour nodules were found in 
relation to ribs, sternum and vertebrte above the level of the 
3rd thoracic. They projected chiefly into the thoracic cage and 
there was remarkably httle destruction of bone. The pelvic bone^ 
and skuU were normal. There was no oedema and the serous 
cavities contained no excess of fluid. The heart showed no hyper- 
trophy. The kidneys (170 and 210 g.) were pale and their archi- 
tecture was indistinct, while the cortical zones were narrowed. 
Their capsules stripped readily, leaving smooth surfaces free from 
depressions. The organs were firm but lacked the solid feel of the 
kidneys of case 1. 

Microscopical examination. The tumour tissue did not react to 
the Unna-Pappenheim stain and did not give the peroxidase reaction. 
Morphologically the cells were mostly of plasma-cell type. In the 
kidneys the casts, especially in the cortical tubules, were larger 
than in the previous cases (fig. 3). They sometimes approached 
a diameter twee that of a glomerular tuft. They were usually 
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laminated and gave several different coloured zones with many of 
the stains ’used. Material staining like fibrin was often present. 
The tubular epithelium in relation to the casts was flattened and 
often there was considerable 'epithelial proliferation. Nuclear 
aggregates resembling giant cells often lay in relation to the casts 
and almost always were definitely inside the tubules (fig. 4). 
Portions of tubules without casts in their lumen wore often under- 
going atrophy : epithelial basement membranes were slightly 
tliiokoned and it was usually possible to distmguish ' them clearly 
from tile reticulum. Proximal convoluted tubules survived in 
some areas and were well preserved ; sometimes they were very 
slightly dilated. Fatty or hyaline degeneration was nowhere 
prominent. The reticulum apipeared considerably increased, but 
some of this was due to collapse of the reticular sponge following 
tubular atrophy. Prolifetivtion of fibroblasts and increase of 
collagenous connective tissue were somewhat less prominent than 
in case 1 and were best seen between the tubules in the medulla. 
A feature of this case was the presence of largo numbers of inflam- 
matory cells, including polymorphonuclear leucocytes. Somb lay 
in tubules often in relation to somowhafc disintegrating casts. More 
often they infiltrated between the remains of tubules. They were 
not present in the glomerulL There was no hrfiltration of the sub- 
epithelial tissue of the pelvis'. Only a few glomeruli were hyalinised. 
There was no dilatation of capsular spaces, though a few contained 
a little albuminous material. The capsular basement membrane 
and pericapsular tissue were often slightly prominent. There was 
a little thickening of the more central part of the tuft, but no 
thickening or fibrillation of the glomerular basement membrane 
and no dilatation or fixed patency of the capillary loops. Arteriolar 
and arterial vascular changes were absent in the kidney as in the 
other organa of the body. 

Summary. Benal failure developed in a ease where the formation 
and growth of large laminated casts in the tubules were associated 
with active tubular destruction. Associated with this there was 
marked inflammatory cell infiltration but less fibrous tissue reaction 
than in the previous cases. 

Case 4 (A 2384) 

Ctinkal history. A mnn, 64 years of ago, gavo a S-montlia’ liistory 
of himbago. Radiographs at first negative later showed multiple areas of 
rarefaction in fciio peivis and iumhar vertobr®. In iiospitaf just before deatfi 
the virino w'as found to contain albumin and Benco-Jones protein. Tiro 
Mood urea was 189 mg. per cent, on tho day before death. 

Post-inoTtcin. Tho body was well developed and there was no 
wasting or oedema. Only admail lumbar incision was permitted. 
The kidneys and spleen and portions of the liver, suprarenals. 
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pancreas and tumour tissue were removed. The kidneys were 
slightly enlarged but of a normal consistency and colour. The 
cortex was not reduced and the cut surfaces showed a fairly normal 
pattern. 

Microscopical examination. The tumour nodules were myelomata. 
The relatively anaplastic cells sometimes resembled the plasma cell 
type. The changes in the kidneys most closely resembled those in 
case 3 but Avere less marked. Casts were most frequent in the medulla 
and in some fields in the cortex no obstructed tubules Avere evident. 
In a relatively large number of tubules the lining cells were normal. 
In other small areas, evidently related to obstruction, tubular 
epithelium was being removed and there Avas considerable inflam- 
matory cell infiltration of the stroma. Fibrous tissue reaction Avas 
very slight. Regeneration of epithelial cells was confined to the 
region of the casts and to some of the medullary collecting tubules. 
The number of hyalinised glomeruli and the vascular changes in 
the kidneys and other available organs make it difficult to exclude 
a mild degree of arteriolosclerosis, not enough of itself to cause 
any renal insufficiency. 

Stmmary. In this case, casts, while often obstructing the 
lumen of the distal tubules, did not aggregate to fill the renal 
tubules so completely as in cases 1 and 3. There was, however, 
sufficient blockage of nephrons to produce renal failure. 

Discussion 

The dominant feature in all four cases ■ is tubular blockage. 
There are also prominent changes resulting from the disintegration 
and absorption of those tubules Avhose lumen is blocked at some 
level. Changes in the epithelium of other tubules, which may 
still be functioning, are extremely slight. They are not comparable 
to those of lipoid nephrosis. In three cases (1,3 and 4) the lesions 
are sufficient to have caused renal failure, though in the first case 
this was not proven clinically. In the first case the lesion is a sloAvly 
progressive one, the loss of parenchymatous tissue is not attended 
by inflammatory ceU infiltration and nephrons are being gradually 
replaced by interstitial tissue. The kidneys feel firm and appear 
unusually pale. In case 2 lesions are confined to a feAv nephrons 
only. In cases 3 and 4, especially the first, the removal of tubular 
epithelium is associated Avith less fibrous tissue reaction but more 
inflammatory cell infiltration and the Iddneys are somewhat less 
firm. Many of the casts have also been able to groAV to a greater 
size. In all cases 'tubules are only dilated significantly at the actual 
site of deposition of a cast. 

The nature of the casts in the tubules camiot now be determined, 
but they are not formed from degenerated cells of the tubular 
epithelium. They occur in those parts of the nepliron Avhere the 
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urine is being concentrated, or where the urine is most concentrated 
and ' might be^t deposit material from solution. Their often 
laminated structure, with different tinctorial zones, suggests that 
any one cast is not all laid down at the same time. They may 
grow either by deposition from mine still able to pass doun tho 
tubules alongside them in spite of some obstruction, or by continued 
secretion and reabsorption of mine in the blocked nephron proximal 
to the obstruction. The laminated structure seems to support the 
first possibility. Oliver and Luey (1934) describe casts formed of 
granular debris in chronic glomerulonepliritis and then* growtli by 
a process of aggregation. Such casts and the occasional hyaline 
casts found on careful examination in the tubules of so many 
other\vise normal Iddneys are quite insignificant as compared with 
those of myelomatosis. One case of extensive amyloid disease has 
been studied in which renal failure was associated with dilated 
tubules filled with casts and with extensive intertuhular fibrous 
tissue replacement. Here, however, the renal lesion was further 
complicated by vascular changes. The casts failed to give the 
amyloid reaction and theix natme must remain uncertain. 

Changes in the glomeruli are very slight, though plasma proteins 
were escaping as well as Bence-Jones protein. The condition of the 
glomerular basement membrane can best be studied in the peripheral 
loops of a tuft ; no true thickening or fibrillation was detected 
there. Bell has claimed that in some cases of myelomatosis these 
changes occm and are comparable to those described by him 
(Bell, 1929) in lipoid neplirosis. Glomerular changes are only marked 
in case 1 (figs. 1 and 2), where radiating strands containing reticulmn 
emphasise the lobular pattern of the glomerulus. They can best 
be described as intercapillary degenerative lesions. They may be 
related to alterations in the glomerular circulation but cannot be 
regarded as specific. Ischcemic atrophy of the glomerulus uath 
thickening of its capsule is usually much more marked in hydro- 
nephrosis, where the vascular disturbance must be greater. Primary 
arterial or arteriolar changes can be coinpletely excluded in at 
least three of the four cases. 

The presence of large numbers of mononuclear cells and especially 
of polymorphonuclear leucocytes in the kidneys of coses 3 and 4 
is of interest. There was no evidence that tliis represented extra- 
medullary myelopoiesis, either from tho appearance of tho cells 
themselves or from changes in other organs, nor did the amount 
of bone marrow destruction suggest such a possibility. The absence 
of inflammatory changes in tho renal pelvis excludes a coincident 
ascending pyelonephritis. The obstruction of tbo tubules might 
favour the development of a bajmatogenous infectioji. Considerable 
inflammatory cell infiltration may follow the tubular destruction 
of uncomplicated renal vascular lesions. Bohnenkamp (1922) lias 

joinur. or pais.— -TO ifc im 2 e 2 
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emphasised the extensive myeloid infiltrations which may follow 
^the tubular necrosis of corrosive sublimate poisoning. In case 1 
the stromal reaction is almost entirely fibroblastic in character. 

Crush ahueia 

Three cases of crush anuria have been carefully studied at 
autopsy. The findings m all three are so similar that they may be 
described together. 


Glmical observations 

The first case {case 6, A 3003) was that of a man of 41 years who lived 
for 6 days. There %vas an associated lumbar cord compression from fracture 
of the spine, a fracture of the fibula and multiple abrasions. The second 
(case 6, A 3005) was that of a man of 26 years who survived for 8 days, the 
third (case 7, A 3006) a woman of 38 years who died on the ninth day. All 
had bean buried imder debris for periods of 4-8 hours. A striking feature 
in all tliree was the absence of really serious shock. One (case 6) received 
600 0 . 0 . of plasma on the day after admission and was later given glucose- 
saline and sodium sulphate intravenously without effect. These patients 
passed a few ounces of urine each twpnty-four hours but specimens were 
only available from the sixth day in the last two cases. These were neutral 
or slightly alkaline and of specific gravity 1010-1015. Kepeated attempts 
to demonstrate muscle htemoglobin either in the urine or in the blood 
serum (using a Beck reversion spectroscope) failed. The terminal blood 
urea readings were 420, 594 and 351 mg. per cent, respectively. In case 7 
the creatinine rose to 9-8 and the creatine to IC-O mg. per cent. 

Post-mortem findings 

In all cases an autopsy was carried out before rigor mortis had 
developed and in case 6 within 2 hours of death. (Edema was 
marked over a fairly wide area around the site of crushing but 
was never completely generalised and the serous cavities contained 
no significant excess of free fluid. The subcutaneous adipose tissue 
of the crushed limbs was very oedematous but showed no pigmen- 
tation or extravasation of blood. On section of the muscle sheaths 
the muscles bulged through and exuded fluid. Muscle changes 
were present in all cases and the appearance described as “ fish 
flesh ” was very marked in cases 6 and 7. It was very irregularly 
distributed in the crushed limbs. 

The kidneys in all cases were enlarged and appeared swollen, 
the cut edges bulging over the capsules, which separated very 
readily, leaving a smooth smrface. They were congested and the 
medullary striiB were prominent. The demarcation between cortex 
and medulla and the cortical pattern itself were less distinct than 
normal. ' 

The other organs presented no features of special interest. 
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Microsa>]^%cal ^aimnalioii 

In the areas of damaged muscle there was complete di&mtegration 
of muscle cells and considerable reaction and proliferation, resultmg 
in the appearance of many prominent nucleated cells Undamaged 
muscles gave a brownish colour with the benzidine reaction of 
Lepehne (1919) for h®moglobin and alUed substances Often this 
was not evident m even slightly damaged muscle fibres Traces 
of free iron were demonstrable m the fibrous tissue septa of damaged 
muscles !lYee iron was present in the spleen, especially m case 6, 
and to a lesser extent in the liver Other microscopic findings 
outside the kidney do not merit special mention In none of the 
cases was there evidence of comcident hypertensive or degenerati\e 
vascular disease 

Kidneys The architecture was uniform and httle altered The 
tubules preserved their normal pattern and were separated by a 
fine reticulum without mterstitial fibrous tissue reaction or scarrmg 
The changes were most marked m the collecting tubules of the 
medulla (fig 5) In these there were compact brownisli casts 
behaving like haemoglobin or alhed material ^vlth the benzidine 
test of Lepchne Loops of Henle and distal convoluted tubules 
were less often mvolved and the deposits were often much less dense 
The casts were not lammated but sometimes appeared sbghtly 
granular, though no red ceils could be distinguished in the tubules 
Epithelial debris and even organised elements such as inflammatory 
eoJJs contributed relativeiy httle to the formation of casts, especially 
m the larger collecting tubules Albummous debris and eosinophilic 
material were present m the proximal tubules and even sometimes 
m the glomeruli, especially m case G This appeared to represent 
protein contauung fluid, probably somewhat concentrated and 
coagulated belund the more solid obstructions At any one sectional 
level only a proportion of the tubules were blocked by the compact 
b^o^vn^sh casts, but as these did not fill the whole length of any 
one tubule it is legitimate to assume that almost all tubules were 
blocked at some level At all events the appearance in the more 
proximal parts of the nephrons was fairly umform In case 0, 
where sodium sulphate had been given mtravonously, there was 
shght and fairly uniform dilatation of the iiioro proximal tubules , 
in cases 5 and 7 the change was less marked 

The tubular epithehum in relation to the casts was sometimes 
flattened and there was epithelial proliferation in many of tlieso 
areas Elsewhere it showed httle change, but there was slight 
epithelial regeneration in some of the distal convoluted tubules 
and in the ascending limbs of the loojis of Henle E it and hyaline 
droplets were absent In case 6 the brush border of the proximal 
convoluted tubules was perfectly preber\ed Ver^ occasionally 
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inflammatory cells had passed out between the tubules^ often in 
relation to a few epithelial cells which were breaking down. Traces 
of a yellowish brown pigment were present in the cells of the 
tubules. It was not soluble in chloroform. No free iron waS' present 
in the Iddney. The presence of an unidentified golden-yellow 
pigment, the absence of iron pigment hi the kidney and its occur- 
rence in the spleen and liver, but not the occurrence of casts in the 
renal tubules have been noted to follow the injection of muscle 
htemoglobin into the dog (Newman and Whipple). Attempts to 
demonstrate the spectrum of myohiemoglobin by microspectroscopy 
of the perfused kidney of case 7 and in kidney extracts were 
unsuccessful. 

Dilatation of the glomerular spaces ivas insignificant. The 
glomerular tufts did not fill the spaces nor project into the tubular 
orifices. There was often definite swelling and prominence of the 
parietal epithelium of the glomeruli and the epithelium covering 
the tuft -was also somewhat swollen and unduly distinct. The 
endothelial cells of the glomerular capillaries were prominent and 
sometimes- swollen, but there was no evidence of proliferation. 
Leucocytes were not increased and fibrin thrombi were absent. 
The glomerular basement membranes were of normal thickness. 
Owing do the prominence of the endothelial cells considerable 
difficulty is experienced in accepting any correlation ‘of the degree 
of patency of the glomerular capillaries with the outline of the 
glomerular basement membrane. No other conclusion seems 
justified than that the circulation was adequate to maintain the 
nutrition of the related tubular epithelium. 


Discussion 

It is notoriously difficult to correlate defects of renal function 
with anatomical changes in the kidney, especially if the lesions 
are acute. In crush anuria the only significant change appears 
to be blockage of the more distal parts of the nephron with material 
deposited from the glomerular filtrate. The other changes, i.e. 
prominence of the parietal and visceral glomerular epithelium and 
slight swelling of the glomerular endothelial cells, might result 
from stasis of secretion -within the nephron* and from stasis of the 
glomerular circulation. In the relatively uncomplicated cases 
examined, the ''condition of the tubular epithelium suggests that, 
as in myelomatosis, no agent which is toxic in itself was present. 

The changes somewhat resemble those found after an incom- 
patible blood transfusion or the experimental administration of 
hsemoglobhi to animals (lit., DeGowin et al., -1938). Here also 
the reported mcidence and degree of tubular necrosis are very 
variable, but the lesions have often been complicated by others 
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of a different kind In both conditions the significance of intei- 
tubular cedema is very difficult to estimate 

By\vaters and Delory (1941) have found myohcenioglobin in the 
urine in tuo cases of crush anuria The benzidnie reaction appears 
too iveak to indicate that the casts are homogeneous crystallme 
aggregates of this nature It uould suggest that this, or a very 
similar material derived from it, contributes to their formation 
The molecular weight of myohacmoglobui is 17,500 (Svcdbeig, 
quoted by ilillffian, 1939), i e about one quarter that of blood 
luemoglobin. With tins are associated a low renal tlireshold and 
the possibihty of the rapid clearance of relatively large amounts 
of myohiemoglobm from the blood IMyoluemoglobm in the hoise 
has an isoelectric point of 6 99 (Theorell, 1932), but its behaviour 
m the renal tubules is difficult to predict 

It lias been suggested that in the crush syndrome the aiiuiia 
13 extrarenal in origm and results from a geneialised shift of the 
body -water into tho e\tra vascular spaces These cases were not 
drowned ” by intravenous therapy and the distribution of the 
cedema fluid was local and nob geueraUsed It uas probably to 
be explained by diffusion of substances increasing capillary perme 
abihty from the crushed and broken down muscles It should bo 
emphasised tliab serious shock ivas absent and that, by tho second 
day, blood pressure readings had returned to very satisfactory 
levels Hypotheses based on deficient oxygenation of tissue appear 
untenable In other cases tlio lesion may uell be complicated 
All cases of anuria m air raid victnus are nob examples of this 
syndrome In ono case exammed, almost every glomerulus was 
the seat of fat emboli, and m patients dying witbm a week other 
complicatmg factors are probably present Tho specific gravity 
of tho urme is low and not lugh, as m cardiac failure, wlieio more 
marked cedema without uroimia is not infrequent From tho study 
of myelomatosis aUo it is apparent that cedema does not result 
from obstruction of renal tubules 

COilPVRISON OF TUB KIDNEY LESIONS OF SIYLLOM^VTOSIS 
CRUSH ANURLV 

The casts in injclomatosis are much more prominent than those 
m crush anuria They appear to fill the length of the tubules 
more completely, but only lu tho case reported by Holman did 
complete supiiression of unno result TJio rapidity with which 
obstruction develops plays a largo part in determuung the outcome^ 
of any lesion m the renal sy&tcm Provided they fill the luiucii 
of a tubule at one level, the diameter and length to which casts 
may grow aic not significant from tho mcvs point of obstruction 
In myelomatosis tho formation of casts may well be intermittent 



416 


J. E. MOBISON 

and their increase in size must be gradual. Tubules so affected 
may allow the passage of urine and further casts \nll readily be 
deposited proximal to the partial obstruction. With the atrophy 
of obstructed tubules, especially if there is little fibrous tissue 
reaction, the still functioning tubules may become dilated and casts 
of relatively great diameter may be formed. In the crush syndrome 
the obstructing material, which is at least associated mth a 
haemoglobin derivative, is probably cleared from the blood almost 
as quickly as the circulation removes it from the damaged muscles. 
The conditions also may often be such as to favour concentration 
in the tubules. The material then readily precipitates out and 
aggregates into masses which become impacted, chiefly in the 
collecting tubules, as short-length casts. If the outflow of the 
related nephrons is not at first completely obstructed, further 
precipitation wiU complete the obstruction. In this acute condition, 
involving almost all tubules, it is very difficult for any tubule to 
undergo compensatory dilatation and, as fluid no longer passes 
down j^the affected tubules, the casts cannot increase further 
in size. 

The lesions of crush anuria might thus be explained upon a 
purely obstructive basis. They are relatively acute. The extensive 
and more slowly formed aggregates in the tubules in myelomatosis 
and the other chronic changes found also in many cases of hydro- 
nephrosis — atrophy of tubules with inter-tubular increase of 
reticulum and fibrous tissue, changes in the capsular basement 
membrane and peri-glomerular tissues and regressive changes in 
the glomerular tufts — are not to be expected. In neither is there 
a primary tubular necrosis, but in both there is a reaction of the 
tubular epithelium at the site of the deposit in the lumen, and 
in those tubules whose function is interfered with there may be 
some secondary destruction and regeneration of epithelium. Tubules 
no longer able to function are removed and this may be attended 
with inflammatory-cell infiltration and with considerable diffuse 
increase of interstitial tissue. 


SuftlMABY 

The renal changes associated with the deposition of casts in 
the renal tubules in cases of myelomatosis and of the crush syndrome 
are compared. In both, the primary importance of obstruction of 
the lumen is emphasised. Changes in the lining cells of the tubules 
are secondary to this obstruction rather than a primary degenera- 
tion. Glomerular changes are slight, but are consistent with a 
relatively small reduction of blood fl.o%v, insufficient in the great 
majority to produce marked ischaemic changes. 

The chief difference lies in the slower deposition of the ultimately 
larger casts in cases of myelomatosis. This is associated with a 
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slower reduction of renal function In tlie clironic condition there 
IB also opportunity for removal of the tubular epithelium and 
this will be associated with collapse of the reticular frameuorh, 
varymg degrees of inflammatory cell infiltration, and reactive 
increase of fibrous tissue 

I wish to thank Professor J H Biggart for advico and assistance, the 
Honorary Visiting Staff of tho Royal Victoria Ho&pital and 3tr A 31 Calder 
for cluneal notes, Professor D O Harrison for help with spectroscopy, 
“Mr R Russell for careful section cutting and Mr H McA 31eliaffey foi 
photography 
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ON THE FUNCTION OF TISSUE CELLS IN MEDIA 
USED FOR GROWING VACCINIA IHRUS 

H. B. Maitland and A. W. Laino 

From the Department of Bacteriology and Preventive 2>Iedicine, 
University of Manchester 

The function of tissue cells in liquid media used for cultivating 
viruses lias not been established. There are certain fundamental 
species and organ differences in tissues which are indicated by their 
ability or inability to promote the growth of a virus, but the 
nature of these differences camiot at present be stated in terms 
of physical or chemical properties. Such differences are reflected 
in the fact that viruses differ in the range of tissues with which 
they will grow. It is possible that all viruses do not depend upon 
the same requirements for growth derived from cells, but little is 
kno'wn of this subject and further studies of viruses from this point 
of view are required. 

The conditions obtaining in jculture have been investigated in 
relation to the growth of a number of viruses in attempting to 
establish some relation between properties of the medium and 
multiplication of virus. Thus information is available about the 
kind and amount of tissue, the duration of its viabihty as judged 
by its growth when transplanted to a fresh suitable medium, the 
composition of the liquid part of the medium, the hydrogen ion 
concentration and the oxidation-reduction potential, the respiratory 
activity of the tissue, the accessibility of oxygen to the tissue and 
the effect of plugging flasks with cotton wool or rubber stoppers. 
A good review of this subject is that of Hallaucr (1938). 

The experuuents reported in this paper suggest a somewhat 
different approach to the investigation of the relation between 
tissue and multiplication of vims in so far as the results indicate 
that there are two parts to the problem, represented by two phases 
in the growth requirements of the vims. It appears that certain 
properties of the culture medium are required to mitiato tlio growth 
of virus and that these properties are not necessaril}’’ the same as 
those wliich uill suffice for multiplication of the virus in the later 
stages of a culture. These deductions apjily at present only to the 
growth of vaccinia virus under the conditions of cultme employed 

410 
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in these experiments, but it is suggested that they might profitably 
be made a working hypothesis for similar investigations 'vvith other 
viruses or tissues. 

Methods 

Three strains of vaccinia were used. Strains I and II were mentioned 
in an earlier paper (Maitland, Laing and Lyth, 1932). Strain I had been 
tlrrough 29-44 subcultures in rabbit tissue (usually kidney) in Tyrode or 
Tyrode-serirm. Strain II was a strain of neurovaccino that had been cultured 
similarly after one animal passage in rabbit testis. Strain III was calf 
lymph from the Government laboratory and was cultured after one passage 
in rabbit testis. 

The medium was made up in the proportion of 0-35-0-4 g. of minced 
rabbit kidney to 10 o.c. of Tyrode. The formula for the Tyrode’s solution 
was given in the earlier paper (Maitland et al., 1932). The mixture was 
inoculated in bulk and 2-2-5 c.c. were put in each of a number of Carrel 
flasks plugged with cotton wool and incubated at 37° C. in a moist atmosphere 
so that there was very little if any evaporation. 

For titration the contents of one flask were ground in a mortar with 
sand and centrifuged to deposit visible particles. Five-fold dilutions of the 
supernatant fluid were made and 0-2 c.c. of each dilution injected into the 
slmved skin of a rabbit’s back. The titre was taken as the liighest dilution 
that caused a definite lesion. 

ExPEEIMBNTAIi BESDLTS 

In any one set of cultures the rate of growth of virus may not 
be the same in every flask and end-points of titrations may be 
affected by differences in the reactivity of rabbits. Conclusions 
have therefore been based upon similar experiments which have 
given consistent results. 

Bate of growth of virus in culture 

In table I the growth of virus is shown in terms of the titres 
of duplicate flasks of culture titrated immediately after inoculation 
and daily after incubation up to 5 days and at 7 days. The virus 
increased most rapidly during the first 2-3 days but there was 
continued growth after 3-4 days. 

Table I 


Growth of vaccinia virus in kidney and Tyrode'a solution 


Titre of virus in duplicate a-isks after incubation for 

1 day 

2 days 

• 3 days ^ 

•1 days 

5 days 

7 days 

1 .- 125 

1 : 3126 

1 : 15625 

1 ; 15625 

1 : 15625 

1 : 78125 

1 : 125 

1 : 15625 

1 : 15625 

1 78125 

1 : 390626 

1 : 78125 


litre before incubation 1 : 125. 


In table II are shown the titres of single flasks of each of five 
sets of cultures after incubation up to 7 days. The titre before 
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incubation was calculated from the titie of the culture used as 
inoculum and its dilution on moculation Cultures A and C ivere 
the third and sixth subcultures of stram II, cultures B, D and E 

Tabu: H 

Growth of 5 aeta of cuUurea of lacctnta virus in Lidney and 
Tyrodo's solution 


Designation of 
cultuie 

Infective title of -virus in Individual tlasks after incubation for 

Sdajs 

4 dajs 

5 djj-s 

7(13} 3 

A 

1 125 

1 78125 


>1 390625 

B 

1 3125 


1 I562o 

1 78125 

C 

1 625 

t 3125 


1 15625 

D 

1 25 


1 3125 

1 15625 

E 

1 25 

1 3125 


1 15025 


Infective litre beforo Bicubation 1 125 


Mere of strain I The amount of tissue in culture E Mas about 
025g inlOoo, somewhat less than m the other cultures These 
cultures, lilve those shown m table I, mdicated growth of virus 
durmg tho first 2 4 days and further increase after 4 or 5 days 
Increase of titre in the later stages of mcubation was more 
strilangly evident in cultures with smaller amounts of tissue 
(table III) In experiments 125 and 12fi inth 0 024 and 0 038 g 


Table HI 

Effect of amount of tissue on the growth of loccmia urns in hidiwj 
and Tijrodc’s solution 


Espt no 

Amount of 
tissue in 10 c c 
of medium (g) 

InfccUvp titre of vims !□ ^eparato UasL» after IncubatiDn for 

2 da) 9 

3 da>9 

4 da) 9 

5 days 

7 da)9 

125 

0 25 

1 25 


1 3125 


1 15625 


0 098 

1 25 


1 3125 


1 15625 


0 024 

1 5 


1 5 


1 625 

I2b 

0 3S 

1 3125 



1 15025 

1 78125 


0 056 

1 125 



1 625 

1 78125 


0 036 

1 5 



1 6 

1 15025 

127 

0 25 


1 3125 


1 78125 

1 15625 


0 064 


1 G2S 


1 15025 

1 025 


0 018 


1 6 


1 5 

1 5 


Titro of \ inis beforo iiicubution 1 5 


of kidney respectively there Mas no mcrease of virus (strain I) 
until after the 4th and 5th days In experiment 127 the readings 
at 7 days may have indicated a fall m litre with the tMO larger 
amomits of tissue and failure of the xuriis to grow m itli tlio smallest 
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amount (0-018 g.) orljiiey may have resulted from different reactivity 
of the rabbits used for titration. Taking the results of these three 
experiments together it is evident that with the larger amounts of 
tissue the' virus multiplied considerably during the first 2 or 3 days 
and continued to increase after 4 or 5 days. Eeduetion in the 
amount of tissue tended to lengthen the period of lag and in two 
experiments there was no increase until after 4 or 5 days’ incubation. 


Incubation of the medium before inoculation 

In contrast to the finding that vii-us could and did increase 
in cultures after 4 or 6 days, it appeared that virus did not grow 
if the medium had been incubated for 5 days or more before it was 
inoculated. Thus after about 5 days’ incubation a culture that 
had been inoculated previously still provided conditions for the 
growth of virus, but uninoculated medium incubated for this length 
of time did not initiate growth of virus which was then added to it. 

Strain I was inoculated into flasks of unincubated medium and 
into others which had been incubated for various periods. Any 
loss of volume, which was small, was made up at the time of 
inoculation. The inoculated flasks were then incubated for further 
periods of 2-17 days to give time for growth of virus before the 
contents were titrated. The results of two such experiments are 
shown in table IV. As a base line the contents of a flask just after 
inoculation were titrated at the beginning of each experiment. In 
controls inoculated without preliminary incubation and in medium 
incubated for 2 days (expt. 61) and for 3 days (expt. 59) before 
inoculation the virus grew. In medium incubated for 5 days or 
more and then inoculated the virus did not grow. The slightly 
higher titre in two flasks inoculated after incubation for 5 days 
(expt. 59) could have been within the limits of the error of the 
technique but might have indicated slight growth of virus. The 
behaviour of vh-us in. flasks incubated for 5 days or more before 
inoculation was however in clear contrast to the definite multi- 
plication that occurred in flaslis inoculated without preliminary 
incubation or after incubation for 2-3 days. 

Thus with regard to preliminary incubation there was a period 
of at least three days during which inoculation of virus resulted 
in its multiplication. This period came to an end gradually and 
virus -inoculated at five days either failed to grow or grew very 
little ; after five days the inoculated virus did not grow. These 
time relationships refer only to the experimental conditions 
employed but they indicate a conclusion which may be stated in 
general terms. After a period of preliminary incubation the 
medium lost its property to initiate growth of virus but it still 
promoted growth of virus which was already in the medium. Thus 



Tabl& IV 

Qroiith of laccmta tirus %n medium inoculated after prehnunary mciibaiion 
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there were two properties of the medium related to the growth 
of virus. The first property was required to initiate growth. Virus 
did not grow unless the medium was inoculated before prehminary 
incubation had removed some essential property upon which the 
initiation of growth depended. The cultures with small amounts 
of tissue were instructive on this point (table III) for there was a 
long lag. In these cultures the virus did not increase until the' 
gro%vth-initiating property of the medium had been greatly weakened 
or lost ; the medium had however been inoculated when this property, 
existed fully. 

The second property of the medium was revealed by increase 
of virus at a time when the medium would no longer initiate 
growth. It was evident that growth-initiating and growth- 
promoting properties existed concurrently when the medium was 
fresh and that during incubation the growth-initiating property 
was lost first. Whether the growth-promoting property was the 
same at the beginning of a culture before the growth-initiating 
property was lost as it was later on after the growth-initiating 
property had disappeared is an open question. It might there- 
fore be profitable to separate these properties of the medium for 
the purpose of analysing the relation between the functions of 
cells and multiplication of virus. With this point of view in mind 
a few further observations have been made. 


Bespiration of tissue incubated under conditions of culture 

T hin slices of kidney were incubated in Tyrode in Carrel flasks 
at 37° C. From time to time tissue was removed and resuspended 
in Tyrode and its rate of utilising oxygen was measured according 
to the technique of Warbm-g. A typical result, shown m the figure, 
conformed to what is well known. The respiratory activity fell 
rapidly during the first few hours and thereafter more slowly and 
gradually came to an end in about 3 days. Minced kidney gave 
similar results but tended to stop respiring somewhat earher than 
thin shoes. 

There appeared to be no correlation between the amount 
of tissue respiration and the groAvth-initiating property of the 
medium. Virus grew well whether the medium was inoculated 
when it was freshly prepared and respiration was active or 
after incubation for 2-3 days when respiratory activity was 
very small. Whether the growth-initiating property might have 
been co-existent with a certain minimal degree of tissue respira- 
tion was more difficult to decide. In the later stages of a 
culture, growth of virus did not correlate with measurable tissue 
respiration. 
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Treatment of tissue mlh cijamde and with tcalcr 
Preliinmary treatment of the tissue with cyanide abolished the 
groM th initiating property of the medium About 0 3 0 4 g of 
lumced ludney was suspended m 3 c o of Tyrode’s solution con- 
taining iZ/100 KGJf and left in a shallow layer at room temperature 
for 3 4 hours The tissue was then washed thorouglily m Tyiode 
and made up as inediuin w ith fresh Tyrode It w as inoculated and 
incubated as m the eaiher exiieriments Under these conditions 
the virus did not grow Tissue put through the same process 
With Tyrode in the absence of cyanide permitted growth of the virus, 
and virus survived as well at 37° C ui Tyrode containmg M 11000 



Time (hoiue) 

Oxygon uptake of mmcod rabbit kidnoy after incubation m Tyrodo aoiution 
for various ponoda 

cyamde as m Tyrode alone From tlus result it did not necessarily 
follow that inhibition of the cyanide sensitive respiratory processes 
of the tissue was directly responsible for the loss of its growth- 
initiatmg property Disorganisation of the chemical processes of 
the cell rather than a particular change caused by treatment with 
cyanide might have been the essential feature Disorganisation of 
the cell produced by other means was equally effective 

Tissue treated with water lost its grow th mitiatmg projierty 
Several evperuneiits were made using strain I in the 42nd and 43rd 
subcultures, strain II m the 22nd and 23rd subcultures and strain 
III m the 3rd suhoulturo About 0 3 0 4 g of minced ludiiey 
was added to 3 3 oo of sterile distilled or tap water and left in 
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a shallow layer at room temperature for 2-4 hours. In making 
up the medium one of three procedures was then followed : (a) the 
liquid %vas removed, the tissue washed well in Tyrode and made 
up to 10 c.c. ^ith fresh Tyrode ; (b) nothing was removed and 
concentrated Tyrode was added to make a final volume of 10 c.c. 
of properly constituted Tyrode’s solution : (c) as for (6) mth the 
addition of 20 per cent, of rabbit serum. Inoculation and incubation 
were carried out as stated. Titrations were made at intervals 
between 18 hours and 7 days of incubation. In some experiments 
the contents of two flasks were pooled for titration to smooth out 
any irregularities in the amount of growth of virus in individual 
flasks. 

For each experiment a control was put up with tissue soaked 
in Tyrode and otherwise treated similarly. In these controls the 
virus grew. On no occasion when the tissue had been treated 
with water did it suffice as a medium for gi’o^vth of virus. In some 
experiments nothmg was removed so that the loss of the growth- 
initiating property of the medium could only be attributed to 
disorganisation of the cells by soaking them in water. The addition 
of serum to the medium did not compensate for the damage to the 
tissue sustained while in water. i 

Treatment of the tissue with water caused a marked fall m 
its respuatory activity. One set of observations was made with 
sliced rabbit Iddney cortex. The oxygen utilised, expressed as 
c.mm. oxygen per mg. dry weight of tissue per hour was, for fresh 
tissue, 20*9 ; after soaking in Tyrode for 2 hours, 13-7 ; after bemg 
in distilled water for 2 hours, 1-6. This marked fall in respiratory 
activity did not result from interference with any particular chemical 
reaction as such. It appeared rather to indicate the loss. of chemical 
activity which had been associated with structural or physical 
integrity of the cell. The fall of respiratory activity after treatment 
with water might therefore be regarded as an indicator of damage 
sustained by the- ceU and the loss of growth-initiating property 
might be regarded as a consequence of tliis damage. 

Disctrssiorr 

The view here put forward about the relation of tissue cells 
to the growth of vaccinia virus m a Hquid medium is that there 
is in the first place some essential function of the cell which is neces- 
sary to initiate gro%vth. This function appears to depend upon a 
certain integrity of the cell as a ceU and it can be abolished in 
several ways. In the experiments described in this paper it has 
been abolished by treatment with cyanide, by soaking in water 
and by incubation at 37° C. in Tyrode’s solution. Each of these 
procedures markedly reduces the respiratory activity of the cells 
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but presumably through different Idnda of harm done to them, 
and it is therefore concluded that diminished respiratory activity 
is not necessarily directly responsible for the loss of the growth- 
initiating function of the tissue. The failure of the tissue to initiate 
virus growth is attributed to cell damage of one kind or another, 
of which the fall in respiration could be regarded as an indicator, 
although it is not possible at present to do more than speculate 
on the chemical processes of the cell which are essential for initiating 
growth of virus. Other ways of making cells unsuitable for growing 
vaccinia virus have been reported, for instance freezing and thawing 
(Rivers el al., 1929) and heating at 45° C. for 20 minutes (SXaitland 
and Laing, 1930). Breiul (1932-33) found that heating tissue at 
45° C, for 30 minutes or incubating it at 37° C. for 3 days or treating 
it with cyanide prevented it from functioning as a medium for the 
growth of vaccinia virus in Tyrode's solution and serum. Zinsser 
and Schoenbach (1937) noted that tissue heated at 50° C. for 10 
minutes failed to grow virus. 

The first part of the problem thus resolves itself into determining 
the property of cells that is necessary for initiating growth of virus 
and that is lost concurrently rvith cel) damage produced in several 
ways. There is evidence that vaccinia virus very rapidly becomes 
attached to tissue cells and enters into so close an association with 
them that it is protected from the action of antibodies. Rous 
el al. (1935) showed among other things that, although killed cells 
fixed virus, they did not protect it from the action of immune 
serum as did living cells. They stated that “ the protection of the 
viruses is in some way dependent upon cell life The property 
of living cells which is concerned in the protection of virus may 
also be required to initiate growth of virus. Further work is needed 
to elucidate more precisely what happens in either event. Rapid 
fixation and protection by living cells have been demonstrated for 
other viruses, including the Shope fibroma virus (Rous el al.). 
which indicates a general phenomenon in cell-virus relationship 
and gives added point to the suggestion that it may apply to 
culture. There is ample evidence for vaccinia and some other 
viruses that intracellular growth occurs and that in cultures, 
although virus may be in the suspending medium, much of it is 
closely attached to the tissue. Vaccinia grown in tissue spread 
on a slant of special agar appeared to be entirely associated with 
the cells (Kurotchkin, 1939). We lu»ve grown strain II in minced 
kidney suspended in 0-S5 per cent. NaCl and have carried it through 
several subcultures. There was no significant differenco between 
tbe titre of cultures in tliis medium and that of parallel cultures 
in minced Iridney and Tyrode’s solution. Wo failed to grow the 
virus in extracts of kidney in T(yrode’s solution (Slaitland el al.), 
and it is unlikely that the virus grew in the liquid part of the 
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sodium chloride medium, though some additional substances were 
no doubt added to it from the tissue. All the evidence indicating 
that virus grows in or on cells in liquid media accords -with the 
view that some essential association between virus and ceU is 
requh’ed to initiate growth. ^ 

The further interesting fact is that, if the requirements for 
initiating growth of virus have been fulfilled, the virus will multiply 
when these conditions no longer obtain, and this implies that the 
mechanism which will suffice for continued growth need not , be 
the same as that required to start it. It may be that the essential 
prerequisite for growth is made available by the combination of 
virus with a living or surviving cell ; there is then a variable period 
before growth of virus is evident, and in some circumstances the 
increase of virus may be delayed until conditions which would 
fulfil the prerequisite requirements have disappeared. The time 
relationships of the growth of virus may be in part the outcome 
of the experimental method used to detect growth. Grinding up 
tissue in order to release virus and titrating infectivity may fail 
to give correlation with the microscopic changes in the cells which 
indicate multiplication of virus as described in the studies of Bland 
and Robinow (1939) and other authors whose work they review. 
Nevertheless conclusions which are equally vahd may be drawn 
from the type of experiment recorded in this paper. The second 
part of the problem is therefore to elucidate what is required 
to promote the actual multiplication of virus and to determine 
whether this is the same in the early as in the later phases of 
a culture. 

Zinsser and Schoenbach (1937) deduced that there was a funda- 
mental difference between the virus of equine encephalitis (western 
type) and Rickettsia on the basis of growth requirements. They 
stated (p. 207) “ a fundamental physiological difference between 
the growth requirements of the two classes of infectious agents 
is indicated by the fact that, whereas virus growth reaches its 
maYimnin usually between the 3rd and 4th days, at a time when 
. . . the tissue is still alive, Rickettsia multiplication appears to 
speed up after the 6th, 7th or 8th day when presumably tissue 
viabihty and, consequently, metabolism have come to a stand- 
still ”. According to the view presented in the foregomg discussion 
it would be fundamental to determine whether the two classes 
of infectious agent require similar or different conditions to initiate 
growth, and to this question the experiments of Zinsser and 
Schoenbach do not afford an answer. In the later work of Zinsser 
et al. (1939), when they used as medium a slant of special agar 
on which minced tissue was spread and on which the cells might 
perhaps survive for a shorter time than in a hquid medium (though 
there is no evidence on this point), the tissue was inoculated while it 
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was fresh Zinsaer and Sehoraihaeh noted (p 223} that " Eiohett- 
sj'e can be growl on tisauo cultures iilnch are not inoculated until 
after a preiininiary incubation of 3 or 4 days ” They stated further 
that in such cultures the Richettsi® invaded and multiplied in the 
presumably inactive cells, and although their groiv-th did not 
depend upon the vital activities of the cells they still appeared 
to require conditions established iiithm the inactive cells before 
cytoplasmic deterioration had made much progress Thus in 
these expemnents there is an implication that Richettsia nail 
not grow unless the laediuni la inoculated before some groiith- 
initiatmg property is lost If tins should bo so, a resemblance 
to vaccima could bo atressed rather than a difference based upon 
a longer lag period before growth develops, for vaccima under 
some cirounistaiices may have a long lag Investigations along 
the lines hero indicated and iiith other viruses «ould be profitable 
ui revealing siimlaritiea or differences in the nature of their growth 
requirements 

Scrittjuiiy 

The problem of assessing the function of cells in promotmg 
tho growth of vaccmia virus m a medium of mmeed rabbit hidiioy 
and Tyrodo's solution may bo considered in two parts The first 
concerns the property of cells necessary to initiate growth of virus 
This property can bo abohslied m several ways iiluch damage colls 
and may be simdar to that property of hvmg cells vilneh protects 
virus from the action of antibody When the growth imtiatmg 
function of tho medium lias had effect, virus wdl coiitmuo to grow 
after this property has been lost The mechanism required to 
initiate virus growth and that which will suffice for tho continuation 
of growth are not neoessardy the same 

IVb aro indebted to Dr D G Dvans for tho zucflsurcmetit of tn^^ao 
respiration 


BEFDRENCES 


Blajjd, J 0 , A>0 

RollI^o^v, c r 


Tlii^ /ourna/, \Kiii, 381 

F 

1032 33 Zbl BaU , Abt I, Orig, cxx\n, 
306 

HALLAtmn, C 

1038 

Jn Doerr imd Hnllauer's Hondbuch 
dcr Vini'iforschuitg, I icnna, \ol 
1, p 309 

IvTTROTCUKlV, T J 

1D30 

Proc Soc hxp Biol and .Med , 
407 

MATlXrVJfD, H B , AVP 

1930 

Bnt J Exp Path , xi, 119 


A W 

VUiTCAKD, H B , Lvise 
l W , VNC Mwii, B 


1932 /tid.-sm, 00 




57 ^ . Sog . 734 : 576 . 851 . 4 {Bact typhosiim) 

DARK GROUND STUDIES OE 
VI AGGLUTINATION OF B. TYPHOSUS* 

Adhiajjps Pupbb 

Front tlic author's pruaie laboratory^ Pretoria, South Africa 

(PtATES XXXI XXXIH) 

No objections have been raised to the statement of Felix and Pitt 
(1934, p 187) that “ The macroscopie appearance of the Vi agglutma- 
tion is very similar to that of 0 agglutmation ” Jlicroscopically 
however I have found the whole process of Vi agglutination, includmg 
its end results, very different from O agglutination and also from 
H agglutination TJio mtcroseopie cbaraotenstics of the three iinds 
of agglutination can only bo properly studied by making the niotilo 
organa of the typhoid bacillus visible m full activity The points 
of difference are best appreciated by direct comparison 

Jlotile organs of the typhoid bacillus 

These can bo seen and photographed m activity by means of 
darkgromid methods with the sun as hght source (Pijper, 1930, 
1931-33, 1938, 1940, 1941) Briefly my techiuque mvolves the use 
of sunlight, a heliostat, a 2-metrc focus collector lens, a Siedentopf 
cardioid condenser and Zeiss apocliromat objectives x 35 or x CO, 
but requires no coolers, no filters and no additional mirrors A 
ICont.av camera uith Kodak Super XX film allows sufficiently short 
exposures Jlica-glass slides provide the best black background f 
Typhoid bacilh are then seen to bo propelled by a long straight 
tail in the direction of their long axis (fig 1) The tail is a long- 
draira out spiral Slowing douu is accompaiued by a broadening 
of the spiral (fig 3), which, when the organism is at rest, may 
unwind into its two constituent flagella (fig 3) These are attached 
to the side of the bacillus Rcstartuig, the flagella begm to revolve 
agam in spiral fashion and so propel the bacillus, which rotates 
round its long axis The two flagella become twisted louiid one 
another and form the very elongated spiral which constitutes the 


• For tin. o m\cati^a{ion!i a grant wiw n.tt»\<7d fixim the lU -search Grant Bowl 
of tlio Union of South Afnca 

t These shdi's, ongmall^ mailo ]>> Zci^ canuo^\ aUoboobtauvcdfromG V Gurr, 
13Q Now Kmg’a Road, Fulham, I/ondon 
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tail (fig. 1), The black gap in fig. 1 between body and tail is caused 
by the two flagella being separated at that spot and not in focus. 
The twisting and untwisting of the flagella is a reversible process. 

For completeness it should be added that whilst 'at rest the 
two flagella can sometimes be seen' to untwst into a large number 
of fine threads, which wave about and gradually disappear. This 
process is not reversible. 

The effect of drying, fixing and staining on the distribution of 
flagella and the concomitant production of artefacts were described 
previously (Pijper, 1938). 

H agglutination 

In previous publications (Pijper, 1938, 1941) it was shown that 
the specific effect of H agglutinating serum is that the tails (or the 
two flagella) and the bodies of the bacilli become covered with 
granules which gradually coalesce and form a continuous sheath. 
This thickening of tails and flagella impedes motion. The motile 
organs appear as thick corkscrews attached to thickened bacillary 
bodies and there are never more than two per bacillary body. 
MotUity gets less and less and there is no sign of mutual attraction. 
Slight motnity and currents bring corkscrews into contact with 
one another, and sometimes they get entangled. This fortuitous 
entanglement appears as agglutination but it is obvious that it is 
a purely mechanical result of the specific thickening of the tails 
and flagella. The origm of the granules forming the sheaths is 
unknown. In the final stages one sees a number of thickened 
bacilli held together by intertwined thick wavy cables. 

0 agglutination 

In previous papers (Pijper, 1938, 1941) it was shown that the . 
addition of O agglutinating serum to freely motile typhoid bacilli 
completely alters their conduct towards each other. , Normally 
they never collide, but now they begin to approach one another 
at high speed. Repulsion has apparently changed into attraction. 
They become and remain attached to one another in polar fashion. 
The process reminds one of crystaUisation. The large clumps, 
which are gradually built up by more and more bacilli attaching 
themselves head-first to the periphery of smaller clumps, acquire 
a definite and typical architectural structure. Nearly aU attach- 
ments are end-to-side or end-to-end. This produces a characteristic 
pattern. 

Vi agglutination 

Vi agglutinating serum was prepared in rabbits by injections of formol- 
treated typhoid bacilli. Vi agglutinating sera of other origin were also 
used. Great care was always taken to have the other agglutinins completely 
absorbed before a serum was used for the dark-ground observations. 
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The Vi acolotivatiov process 



Fig 1 — Young typhoid bacdh, SRunmmg fas>fc and Fio 2 — Old tjphoid 

ahoumg tails. xlOOO bardlu-«. ixy-iting, showing 

s,piroI nituro of tail 
XlOOO 



Fio 3. — Old typhoid bacillus, Fio 4 — Young typhoid Fio ’5 — Young t>phoid 

resting, having tho tad un< bacdhis, suddciil> bacilli tails affected 

twisted mto two flagdlu affected by Vi aggiu b> \i agglutinating 

XlOOO, tinating serum scmin x lOUO 

X 1000 



Fxo. 0- — Young tjphoid Kio 7 — UcgiiuuiigH of \i Ilf, 8 Mnall \i agghitina 
bacillus* tad gone hinp ugglutuiutiou XOUO tinn tUuups miIo to ••ido 

through aition of Vi .ttta< I iku iit uoiKeubIt 

ngghitinatiug seiiiiit, > iuuu 

X lUOO 



Fia. 0. — Small Vi agglutination clump: typical attachment of bacilli, x 1700 
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As a rule a drop of diluted Vi agglutinating serum was placed on a micro 
scope abde and tlio drop lightly touched with a small loopful of a fresh broth 
culture of tho boeilli A coverglass was then seahd down with vaseluio 
For mass observations tho hanging drop method was used occasionally 
Sfost of tlio observations wore made on Fehi’a straui of typhoid baeilh Ty 2 
Bhatiiagar’s strain Vi X was also used 

The change m the tail of typhoid bacilli from a long draivn out 
spiral (fig 1) into a hroad spiral (fig 2) when nioteinent slows 
down 18 rare in young cultures It occurs mtli increasing frequency 
as the culture ages, and it can usually bo seen in a few bacilU when 
a preparation between slide and coverslip is left on the stage of 
the microscope for more tlian 24 hours Even then it has to bo 
searched for 

Now it 18 one of the moat striking features of the effect of a Vi 
agglutmatmg serum on freely motile typhoid bacilli that the bacilh 
exhibit this phenomenon of slowmg down, accompamed by 
broadening of the spiral, very generally and very rapidly It 
becomes a very mipressive phenomenon because it looks os if a 
large number of baeilb bad suddenly become afflicted with a sort 
of paresis of tlipir motile organs Tails rotate less rapidly, motion 
is less energetic, erratic side movements take place and some bacilli 
even move bacicwards and swim tail foremost Gone are tho 
straight tails , broad spirals have taken their place It is as if a 
sudden fatigue had come over a large number of individuals Eigs 
4 and 5 show typical examples Temporary recovery from this 
“ fatigue ” or " paresis ’’ sometimes takes place, and then tho tail 
straightens out agam and ordinary movement is restored But 
It does not take long before a bacillus that has once been affected 
again exhibits tbia sudden paresis Tho whole picture is different 
from what one may see in an old culture m the absence of serum 
in that here it is much more wade spread and much more sudden 
Also, m Vi Bgglutmation the paresis often goes further and tho 
tail may become limp and lose its appearance of a stiff cod, as 
mflg 0 

In some cases the tail first shows the symptoms of paresis 
and then untwists into the two flagella, wluch then keep rotating 
in a very irregular fashion, agam resulting m very erratic movements 
of the bacillus 

These erratic movements, caused by the mcreasmg lameness of 
the motile organs, remind one somewhat of the first stage of H 
agglutmation, where somewhat smiilar movements are performed 
But in H agglutmation these movements ace obviously caused by 
the enonnous tluckeimig of the motile organs , m Vi agglutination 
I have so far failed to notice any such thiekemng Tho pliciionicnon 
in Vi agglutination, m its suddenness, wide spread occiirreiiee and 
uiiexplamedness, is all tho more dramatic 
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It must be added that not all the bacilli in a given preparation 
are affected to the same extent. Some seem to escape entirely, 
others merely become somewhat fitful in their movements. The 
genei'al appearance of the preparation, however, differs very 
markedly from that of normal bacilli. At a time when control 
preparations of normal bacilli in broth stUl show a preponderance 
of bacilH going through the field in straight lines, most of the bacilli 
in Vi serum exhibit the typical erratic movements. 

It is these spasmodic erratic movements which, in combination 
with another factor, bring about agglutination. It must be 
remembered that normal typhoid bacilli, whatever their speed, 
practically always succeed in avoiding collisions. The irregular 
movements which form the first stage of Vi agglutination lead to 
rather frequent collisions. There is no evidence that the repellent 
forces which normally operate between bacilli have disappeared. 
They may have become less powerful, but one often sees occurrences 
which indicate that the bacilli still repel one another. There is 
certainly no trace of mutual attraction, which was shown to be the 
leading feature of 0 agglutination, but the erratic movements 
force the bacilli up against one another. The factor which governs 
mutual repulsion is apparently not always strong enough to 
overcome the driving force of the irregular action of the 
affected tails. 

At first collisions are still rare but they gradually increase in 
number. It then happens that the colliding bacilli remain attached 
to one another and this is the beginning of agglutination. The 
attachment however is not always permanent. Often the bacUli 
through the same spasmodic movements free themselves again. 
The outcome largely depends on how the collision takes place. 
The larger the surface areas that come mto contact, the greater 
is the chance that the union will be permanent. From this one 
must conclude that the surface of the bacilli has become sticky. 
Extensive contact would then make it more difficult for bacilli 
that still have some motility left to break away. 

There are therefore three factors to be considered in Vi 
agglutination ; erratic movement, mutual repulsion, and stickiness 
of surface. The interplay of these three factors explains the 
peculiar pattern of Vi agglutination clumps. End-to-end attach- 
ments do occur, but they are often not permanent and therefore 
remain rare. Side-to-side attachments are naturally more permanent 
and therefore prevail. 

Fig. 7 illustrates an early stage in the formation of clumps, 
and is of particular interest. Its pattern has a superficial resem-. 
blance to that of 0 agglutination ; it looks somewhat like polar 
attachments. Actually the lower two bacilli were forced up against 
the long thread and remained stuck. What looks like end-to-side 
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Fio 10 — ^Two Vi agglutination clumps typical pattern 
XCOO 



Tig n Small agglutination 
clump houing tails or Hagclla 
at penphei> x 1000 



1*10 IJ — Largo \ i agglutination clump topical pittcm x 1000 
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attucliment is in icality side-to end attaciiinont Tig 8 shoHs the 
more common side-to side .ittaehment m sniali groups. Fig 9 
13 ft typical c\amplo of tho prevalent side-to side method of 
Imhiiig up. 

Such small gioups often arise very gradually It often h.ippena 
tint hacilli iceep on performing spasmodic movoiiients around a 
couple of bacilli that have become joined together, luthout ever 
iiiakiiig real contact Or they iii.iy bccoiiic attached by one polo 
and get a«ay again uhcii their motive power overcomes the forces 
of adhesion The groii th of gioups is ,a very tcdioiih process to 
watch Hours ni.ay elapse viithont any significant growth tailing 
place. It IS obvious that tho speed of growtli is dependent on 
the numbci of bacilli that e.iii take jiart Growth is therefore 
particularly alow in slide and cov'ershp preparations, faster m hanging 
drojis and at its best in tubes, for slide and eoverslip preparations 
have to be kept thin ,ind tho number of bacilli low, otherwise tho 
picture becomes confusing Fig 10 shows the kind of gioups 
formed under tho microacopo at room teiiiperature in about 21 
hours Fig 11 is a similar group, purposely over evposed so as 
to bring out the tails or dagella, which do not appear m tho other 
pictures Tho latter aimed merely at briiigiiig out tho outlines 
of tho bacilli It IS clearly seen in fig U that tho tails and llagella 
take no jiart m constructing the clump 

I’lgs 12, 13 and 1 1 nro pictures of tho larger agglutination 
groups formed in -igglutination tubes and then transferred to a 
microacopo shdo They show tho typical pattern of Vi agglutination 
groups tho sido-to side attachment predominates and gives tho 
clump its characteristic appearance 

Occasionally it happens that, through tho oiratic movements 
described above, tho tails or tiagolla of soveral b,acilli become 
entangled, but this is rare a\s a rule also it is not a lasting condi- 
tion, the slight motility loft is usually enough to bring such bacilli 
into tlie more common close contact 

With tho non motile Vi strain m Vi agglutinating scrum 
tho first stage of Vi agglutination — tho iiicreasmg paresis of the 
motilo orgarcs — is of course absent Sbglit currents m tho surround- 
ing fluid and Brownian movement are the only forces that bring 
tho bacilli together and this makes clumping a very slow process 
The piinciplcs however that govern Vi agglutination remain the 
same Onco bacilli have been brought into close contact, there 
IS a tendency to stick together Hero too tho greater the area 
of contact the gre.ator does tho adlicsivo force turn out to be 
The process is slow', but contact once established is less likely to 
be disrupted than in the ease of motile bacilli Tlio pattern of 
the clumps formed is the same as viith motile bacilli — a preponder- 
ance of side to Hide attachments 
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SUjVIJIABY 

Dark-ground microscopic studies of the three types of agglutina- 
tion of which typhoid bacilli are capable (H, 0 and Vi) have been 
made with the sun as the source of light. Sunlight is the only 
light source that will make the motile organs visible and capable 
of being photographed. In this way the following points have 
been demonstrated. 

1. In H agglutination the specific action of the serum is to 
cover the tails and flagella with a sheath. The thickened motile 
organs then get entangled mechanically. 

2. In 0 agglutination the bacilli no longer repel but become 
attracted towards one another. They approach each other head 
first, become attached in polar fashion and build up characteristic 
patterns resembling crystals. 

3. In Vi agglutination there are three factors : a growing 
paresis of motile organs; the normal repulsion between bacilli 
and a stickiness of the surface of the bacilli. The paresis causes 
erratic movements, which overcome the normal repulsion, and the 
stickiness makes accidental contacts permanent. Side-to-side 
attachments prevail. 

It is curious that of the three processes the Vi agglutination 
process, the last to be discovered, is the only one for which the 
word “ agglutination ” in the literal sense is really appropriate. , 

Note. Three 16-ram. microcineraatographic films, made to illustrate and 
support the views expressed in this and previous papers, are now available. 

1 . SunUglit dark-ground technique and motility of typhoid bacilli. 400 ft. 

2. O agglutination of typhoid bacilli. 400 ft. 

3. H agglutination of typhoid bacilli. 700 ft. 

Duplicates of these can be had from the author at cost price. A film 
dealing with Vi agglutination is in course of preparation. 
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6i6 — 006 . 46S — 033 . 2 
IIETASTASISINC. Ii,VSAL CELL CARCDJOJLl 

S, Bk NAV.ibQtrrz 

Dcjxiriment 0 / Palholo^y^ Guy's Hospital Mcdtctd SchooU London 
(Pl\tls XXXIV-XXXVI) 

Mct^ustiuscs from basal cell carcmoma niv cvtrcmely rnro anti, whtn they 
occjir, oro iiiiuilly confiiictl to tho regional lymph glniitLj. Willw (193i), 
who ro\io«t<i tho htenituro, accepted only tlireo tocamplci and tliero havo 
bttn no further recorcLi suico then. Tlio present Cii*e is thouglit worthy 
of report; Ixcauso of so\eraI original fiotwixA : (1) tho imcqunocal appearance 
of bojyd cell enremoma piv&<.nted by tho tiunour , {3} tlio widespread 
mctuatasCiJ in boned oud lungn proved to bo blood borne ; (3) a relatively 
benign cluucal courso over a periot! of many jears , (4) tlio production of 
louco or} throblastio nnmmm. 

Case KEt»o«T 

Amy F-, nged 49, a 3iovi-?owifo, was mUnittcd in December 103S for pnms 
m tho back tuid \\eaknc:«». Tlio family historj’ was irrelevant bho Juid 
been qudo well until ^fnreh 1933, when nho noticed that a smaii lump m 
tho middio of tho forehead, winch sho said had always been present, Imd 
begun to enlarge and Jiad reochtd tho size of a “pea “ withm six montlis, 
A diagnosis of inilununatory lesion was made and tlio Jiunp was mci&ed in 
October 1933, but m March 1934 it Jind reewrred and Jind reached tho samo 
size. In October 1934 tho hunp was again incised, but six montlis later it 
had rotunted and it was mcL'icd once more in October 1935, when tlio woiuid 
suppurated. Wlien tho suppuration had subsided, tho patient noticed tliat 
two smaller but similar lumps wero present m tho samo position, these 
gradually enlarged and fused. SIio was tlicn admitted to Guy’s Haspital for 
the first time, when a tumour measuring 2’5x2 cm , slightly raised and fixed 
to both sUm niul underlying bone, was present in tlio middlo of tho forcliead. 
Tlio tmnour was completely excised and on histological oxaramation prov ed 
to bo a basal coll carcinoma (fig. 1 *}. Sbo was didcliarged free from symptoms 
and subaequcntly received a courso of deep X ray therapy. Sho Ixad no 
further trouble until July 1938, when, after a short period of wealvness, 
sho complained of sovero pam across tlio back, winch soon spread to tho 
ribs and shoulderb. Tho pam was accompanied by sensations of pressuro 
m tho htemum, which was painful on respiration. These pains beenmo 
progressively more severe and eventually spread to tho thighs and legs, 
ireanwlnlo sho liod become increasingly brcatliless on exertion. Sho liad 
lost SIX kg. in weight in six month.s. 

On examination, the patient loy voiy still. Sho was extremely pale, 
but apart from a transverse surgical scar across Jicr forehead showed no 

• fins was diagtioaod as a basal cell carcinoma by Professor G. W. do P. 
Nicholson, who also confirmed tho diagnosis m the subsequent secondary deposits 
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other external abnormality. JTo abnormality was detected in the cardio- 
vascular, respiratory, alimentary, genito-urinary or nervous system. la the 
skeletal system, the ribs, sternum, dorsal vertebr£e,‘left humerus and both 
tibice wore very painful on palpation. 

Radiological investigations. Radioscopy of the skeleton showed numerous 
small rounded translucent areas, suggestive of metastatic deposits, in the 
spine, ribs, scapulae, pelvis and upper ends of both humeri. . 

Blood picture. The hsemoglobin was 45 per cent. The red blood cells 
were 2-3 million, the whit© cells 6700 per c.mm. ' The differential leucoc 3 h ;0 
count showed polymorphonuclear neutrophiles 39, lymphocytes 27, hyaline 
cells 1 1, metamyelocytes 2, myelocytes 8, metamyeloblasts 12 and myeloblasts 
1 per cent. The red cells showed moderate anisocytosis and poikilocytosis. 
Nucleated red cells were numerous (1700 per c.mm.) and several showed 
mitosis and pink-stippled cytoplasm. Reticulocytes were 12 per cent., 
platelets 23,000 per c.mm. A second hsemotological examination a month 
later revealed little change. 

She was treated symptomatically with analgesics and died two months 
after admission. 

Autopsy {P.M. 54/1939) 

This was performed 22 hours after death. 

External appearances. The body was that of an elderly female of slight 
build, showing little subcutaneoizs fat, marked pallor of the skin and no 
other abnormality except an old healed surgical scar on the forehead. 

Cardiovascular system. The heart (280 g.) was normal except for senile 
changes, which were present also in the aorta. 

Respiratory system. The larynx, trachea and main bronchi were normal. 
The pleural cavities were dry and the pleural membranes normal. Both 
lungs showed numerous white subpleural deposits, which were slightly 
raised, firm and rounded and measured less than 3x1 mm. The remainder 
of the lungs was normal. 

Alimentary system. No abnormality was detected and both mesentery 
and peritoneum were normal. 

Hepatic system. Except for a small subcapsular cavernous hfEmangioma, 
the liver was normal. The gall bladder, biliary passages and pancreas were 
normal. 

Lymphatic system. The spleen (520 g.) was enlarged, with soft greyish 
red pulp, and a small infarct in its lower pole. The cervical, mediastinal, 
mesenteric, para-aortic and inguinal lymph glands were normal. 

Urinary system. No abnormality was detected in the kidneys, ureters 
or bladder. 

Genital system. The breasts were normal. The right ovary showed a 
small follicular cyst filled with clear fluid. The left ovary. Fallopian tubes, 
uterus and vagina were normal. 

Endocrine system. Adrenal glands and thyroid were normal. _ 

Skeletal system. The sternum showed numerous large rovmded deposits 
wliich protruded from the marrow and produced dome -shaped elevations of 
the periostemn of the posterior surface. The right humerus showed diffuse _ 
infiltration of the entire length of the marrow with firm, white tissue 
similar to the masses in the sternum. 

Histological examination 

Sections of the primary tumour removed in 1936 showed a typical basal 
cell carcinoma (figs. 1 and 2) arising from the epidermis and infiltrating 
the dermis as far as, but not involving, the underlying striped muscle. The 
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other external abnormality. JTo abnormality was detected in the cardio- 
vascular, respiratory, alimentary, genito-urinary or nervous system. In the 
skeletal system, the ribs, sternum, dorsal vertebras,' left humerus and both 
tibi® were very painful on palpation. 

Radiological invesligaliona. Radioscopy of the skeleton showed numerous 
small rounded translucent areas, suggestive of metastatic deposits, in the 
spine, ribs, scapulse, pelvis and upper ends of both humeri. , 

Blood picture. The hsemoglobin was 45 per cent. The red blood cells 
were 2-3 -million, the white cells 6700 per c.mm. • The differential leucocyte 
count showed polymorphonuclear neutrophiles 39, lymphocytes 27, hyaline 
cells 11, metamyelocytes 2, myelocytes 8, metamyeloblasts 12 and myeloblasts 
1 per cent. The red cells showed moderate anisocytosis and poikilocytosis. 
Nucleated red cells were numerous (1700 per c.mm.) and several showed 
mitosis and pinlc-stippled cytoplasm. Reticulocytes were 12 per cent., 
platelets 23,000 per c.mm. A second hmmotological examination a month 
later revealed little change. 

She was treated symptomatically with analgesics and died two months 
after admission. 

Autopsy (P.M. 54/1939) 

This was performed 22 hours after death. 

External appearances. The body was that of an elderly female of slight 
build, showing little subcutaneous fat, marked pallor of the skin and no 
other abnormality except an old healed surgical scar on the forehead. 

Cardiovascular system. The heart (280 g.) was normal except for senile 
changes, which were present also in the aorta. 

Respiratory system. The larynx, trachea and main bronchi were normal. 
The pleural cavities were dry and the pleural membranes normal. Both 
limgs showed numerous white subpleural deposits, which wore slightly 
raised, firm and rounded and measured less than 3x1 mm. The remainder 
of the lungs was normal. 

Alimentary system. No abnormality was detected and both mesentery 
and peritoneum were normal. 

Hepatic system. Except for a small subcapsular cavemo’us hcemangioma, 
the liver was normal. The gall bladder, biliary passages and pancreas were 
normal. 

Lymphatic system. The spleen (520 g.) was enlarged, with soft greyish 
red pulp, and a small infarct in its lower pole. The cervical, mediastinal, 
mesenteric, para-aortic and inguinal lymph glands were normal. 

Urinary system. No abnormality was detected in the kidneys, ureters 
or bladder. 

Genital system. The breasts were normal. The right ovary showed a 
small follicular cyst filled with clear fluid. The left ovary. Fallopian tubes, 
uterus and vagina were normal. 

Endocrine system. Adrenal glands and thyroid were normal.^ 

Skeletal system. The sternum showed numerous large roimded deposits 
which protruded from the marrow and produced dome-shaped elevations of 
the periostemn of the posterior surface. The right hmnerus showed diffuse ^ 
infiltration of the entire length of the marrow with firm, white tissue 
similar to the masses in the sternum. 

Histological examination 

Sections of the primary tumour removed in 1936 showed a typical basal 
cell carcinoma (figs. 1 and 2) arising from the epidermis and infiltrating 
the dermis as far as, but not involving, the imderlying striped muscle. The 
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timiour %vas compo-^ed for tho most jjart of small, spheroidal, hj'perchromatic 
cells of uniform sizo and shape, arranged ui compact ramifjnig strands. 
No mitoses ^\c^o seen. TJio slcm Avas ulcerated 

Tho lungs showed smuil flat subpicural mctaatoscs similar in morphology 
to tho primary (flg. 3). Early bionchoputmnoma was present. Tho sternum, 
inunerus luid v crtebrai showed umnerous metaatases which m many sections 
completely filled tho marrow spaces and lacuna) and m many areas had 
infiltrated tho whole tlucltness of tiio cortical bone, perforatmg tlio periosteum 
Thero was a tendency for tho giowtli to follow tho contours of tho marrow 
spaces (fig. 4) and tho morphology reinauicd similar to that of tho primary 
tumour (fig. 5). Besides roplacomcut of bono m tho areas of tumour formation, 
there was considerable resorption and fibrosis of tho bony trabeculjj. Tho 
marrow was too scanty for adequate ovanunation. In tho course of serial 
sections, ono was fortuimto m finding a small mass of tumour cells jn a blood 
vessel (fig. 0) Tlio spleen showed almost complete atrophy of tho Ijinphoid 
tisaUG, though tho faUULscs were filled witlr an eveess of cells, a moderate 
number of which were nucleated re*d cells and imdifferentmted leucocytes. 
There was also a small ischicinio infarct. Tho Icidnoys, breasts, thyroid, 
adrenal glands and ovaries were normal. 

DiscusaiOK 

It IS well known that transitional typos o\isfc between tho typical basal 
cell oaremoma imd squamous epithelioma uud, since both prcsvunably anso 
from tho samo goniunal layer, this is not lUioNpcctcd, though those transi- 
tional types usually sJiow some dogreo of differentiation in cither tho prunary 
tiunour or its motastuses. Of tho cases reported as mctastosismg basal cell 
carcinoma, tho metastases in Nilis’s (1931) case showed typical squamous 
coll carcinoma and tho photomicrograph of tho primary strongly suggests 
a troasitionul cell typo. Similarly tlio cjv»o reported by Spies (1930), with 
generalised mctastascs, may bo an adenoid cystic opithchoma. ^Vlnlo there 
cannot bo any strict dofiiution of basal cell carcinoma, tho morphology is 
usually sufliciciitly cliaractenstio to render its recognition certam Tho 
c\ainplo presented m tlus pni>er is qmto typical morphologically and tho 
metastases showed no deviation in tho degree of differentiation from the 
primary tumour. 

A consideration of tho mode of spread rovenia mtorestmg featiucs. Tlio 
tumour nnamg in tho skin of tho forelioad showed no ovidenco of mt tastasis 
to tho regional lymph glands, but tho presence of secondary deposits in lungs 
and bones clearly mdicates blood bonio dissemination and tho demonstration 
of tumour tissue withm a blood vos&el of tlvo stcraum (fig. 4) confums this 
so far as is possiblo with tho methods availablo The widespread skeletal 
dissemination m itself suggests systemic arterial embolism, after passage 
tluough tho lungs. 

SoMMAltV 

A COSO of long standing basal cell carcuioma with motastases is do jcribcd. 
Evidence is presented which suggests that the metastasos were blood bomo, 
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ON THE ORIGIN OF BACTERIOPHAGES FOR THE 
LACTIC STREPTOCOCCI 


H. R. WHITEHBA.D and G. J. E. HirnTBii 

From the Dairy Research Institute {D.S.I.R.), Palmerston North, 

New Zealand ' ^ 

In a previous paper (Wlntehead and Himter, 1937) on the development 
of bacteriophage in cultures of lactic streptococci, evidence was brought 
forward in favour of the hypothesis that the phage could originate within 
the culture itself. Subsequent work has shown that this hypothesis is no 
longer tenable and that many of the observations on' which it was based 
can be explained satisfactorily on the more prosaic basis of contamination 
of the cultures with bacteriophage from external sources. Most of the new 
observations have been described elsewhere in detail (Wliitehead and Hvmter, 
1941), but it is thought desirable to summarise hero the significant points. 

(o) A strong concentration of air-borne bacteriophage is commonly found 
in the surroundings of commercial dairy factories and occasionally in labora- 
tories where cultures of lactic streptococci are carried ; this was quite 
unsuspected in 1937. The presence of air-borne phage makes the risk of 
contamination of cultures with phage during transference to a new batch 
of medium very great at certain periods. Instances have been observed 
where the removal of a cotton wool plug from a vessel of sterilised millc for 
five seconds has admitted sufficient phage from the surrounding atmosphere 
to cause lysis ’of a culture in the milk within eighteen hours. The risk of 
contamination is greater in the preparation of a large bulk of culture and 
increases with time of exposure of the cultm-e medium to the atmosphere 
after heat sterilisation. The frequent occurrence of air-bome phage in 
laboratories is, one would judge from the literature, not generally appreciated. 
It is our experience that the ocomrence of phage in the air is spasmodic and 
that it may possibly be determined by such factors as humidity, temperature, 
and wind direction and strength. 

(6) The immediate origin of phage in cheese factories is most probably 
tlze cheese whey. The contents of the vats (700-1000 gallon capacity) during 
the process of cheese manufacture are in effect large exposed cultures of 
lactic streptococci. A trace of phage falling into a vat in which a susceptible 
streptococcus is growing multiplies rapidly in the whey. In the course of 
the manufacturing process the whey is drained off, passed through a centri- 
fugal separator, stored in large tanlcs and finally carted a'way by farmers 
for the feeding of pigs, During all these stages — and more especially during 
passage through the separator — ^fine droplets of whey containing a high 
concentration of phage are broadcast in the atmosphere within and around 
the dairy factory. 

(c) Although phages for the lactic streptococci tend to be type-specific 
they are not strictly so. It was the (at the time) apparent tjqze-specifioity 
of these phages which formed a strong point in the argument against explaining 
the seemingly spontaneous occurrence of phage by assuming contamination 
from external sources., Subsequent work has shown tliat there are phages 
which can attack as many as four distinct strains of Strept. eremoris (White- 
head and Himter, 1939). It is thus quite conceivable that, in the surroundings 
of a dairy factory which has been operating for many years, or even throughout 
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a couatrj-aido wliero whoy iuw been fed to pig^ over a long period, there may 
bo trices of tt sufficient variety of phages to lead to attack on quite a wide 
variotj of tj pcs of streptococci 

On tlio hypothesis wliicli now seems atUiqimto to cover mo-jt of tho facts, 
the mtrodiiction of u presumed fresh strain of streptococcus or a btiain 
rendered resistant to a phago into tlio cheese vats in a given factory is 
oqiuvalent to providing a ‘ seedbed * for a phngo winch may liavo Iain 
ilomumt in tho siuTOundings for inoutles or oven years ^Vfter tho fir&t 
development of tho phago in a cheese vnt a constantly mcrcosmg mfection 
dovelo 2 >s <laj, after dav imtil tho conceiitrition of an borno phago becomes 
HO lugh that It H difficult to avoid infection of cultures of tlio susceptible 
btrcptococeus sown vvitli a nonnul Obcptio toclmiquo in tho factory 

Hven when tho abovo points uro taken into consideration tho occasional 
very early pluigo attack on a freslily isolated streptococcal typo is somowliat 
surprising and leads* ono to vvondi r wlicthcr contamination with pro OMs*ting 
plingo from e\t«rnnl sources explains all tho phenomena NoverthelcbS on 
tho ovidonco before us wo mu>»t for tho prcaciit abandon the hjpothobib of a 
bacterial origin for iiluigo Tho ultiin^to origm or habitat of phago remains 
obscure, as indeed does tho ultimate Imbitat of tho lactic atroptococci 
themselves 

Sumtnar>/ 

Air borno bacteiiopJingo in tho surroundings of choeso factories is shown 
to nccoiuit for many of tho sudden apiicaiunccb of jilngo m culturos of lactio 
streptococci ie*cd m cluobo manufacture Previously the* stcmuigly spoil 
tanooiw oceurrtneo of phago was taken as Ovule nco m favour of a bacterial 
origin Tlio streptococcal phages nro not as strictly typo specific as early 
work seemed to mdicuto 
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FURTHER OBSERVATIONS ON THE USE OF SYNTHETIC RESIN 
AS A SUBSTITUTE FOR CANADA BALSA3I 

PRECU>ITATIOV 01 PVmvTFIN WAX. IN THE MEDIUM ^V^D AN 
IMPROVED PIuVSTICISER 

J I^uiKPATRiCK and A C Lendrum 
From the Department of PtUhology of the Umversxty and 
Western Infinnary» Glasgow 

Some montlis after our publication on tho uso of a synthetic resm^tho 
polystyrene, Distreno 80 * — as a mountant for microscopical preparations 
(Kirkpatrick and Lendrum, 1939), wo observed the appearance m some of tho 


• Obtainable from British Resui Products, Ltd , Gieat Burgh, Epsom, Surrey 
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histological preparations of tiny refractile bodies. These occuiTed both as thin 
needle-like crystals and as small irregularly curved flat plaques ; they were 
quite colourless and the finer ones became visible only on reducing the aperture 
of the diaphragm. They had not been noticed in mounts of smears or films. 

It has now been foimd that these bodies are the result of mounting sections 
from a jar of xylol previously used for dewaxing. Slides were immersed in 
a strong solution of wax in xylol, and from tlus were mounted in balsam and 
in polystyrene ; control slides were moimted from pure xylol. Within a 
fortnight the polystyrene motmts from waxy xylol showed abundant bodies, 
whereas the balsam mounts showed not a trace of precipitation after two 
months. Films mounted in balsam from a saturated solution of wax in 
xylol failed to show precipitation after a year. This toleration on the part 
of balsam may be explained in part by a persistence of the solvent xylol 
in the mount ; it certainly is a fact that balsam mounts even after years 
are still tacky in the centre. Other writers (Groat, 1939, 1940 ; Davies, 
1939-40 ; Lillie, 1941), worldng with Clarite (a cycloparaffin pol 5 rmer) and 
with methacrylate polymers, make no mention of this trouble. It is possible 
that these substances have the high tolerance for wax shown by balsam or 
it may be that, in the routine processing, other laboratories do not use the 
same dish of xylol for de-waxing and for final clearing, a form of economy 
that we practised only with the diagnostic biopsy material and one that is 
justifiable if balsam be used. The use of fresh xylol before mounting prevents 
the formation of the bodies in polystyrene moimts. 

Wlren these deposits were first noticed we made enquiries as to the 
possibility of plasticising with substances other than tricresylphosphate. 
Om’ suspicion that the tricresylphosphate was the cause of the deposits was 
only later transferred, as it proved with justice, to the paraffin wax. The 
use of dibutylphthalate was suggested to us by Dr Tucker (of the Department 
of Organic Chemistry) and by Mr M. D. Curwen (editor of Plastics) ; 
apparently tliis substance is, on theoretical groimds, more suitable than 
tricresylphosphate for combination with a polystyrene (Curwen, 1940). A 
mountant called, for brevity, B.P.S., was prepared as follows. 

Five c.c. of dibutylphthalate (B.D.H.) are mixed with 35 o.c. of xylol ; 
in this are dissolved 10 g. of Distrene 80. Preparations made with this 
solution have shown no degradation after 14 months, wlule the preservation 
of colour and the refractive index and the lack of retraction are fully as good 
as in those prepared with the earlier solution. This medium is just as 
intolerant of paraffin wax as that made up with tricresylphosphate. The ^ 
new solution has the distinct practical advantage of forming a less tacky 
surface at the edge of the coverslip and of hardening there as quickly as 
balsam. 

It may be added that the lapse of time since our earlier publication has 
given further proof that the synthetic resin preserves the coloius of bacterio- 
logical preparations very much better than balsam. In histological pre- 
parations, the more fugitive stains have been well preserved, for example 
malachite green and acridine red, eosin and methylene blue and other 
Romanowsky mixtures. Some of the hremalum and eosin sections, however, 
have shown fading, a fact that cannot as yet be adequately explained. 
These were in an uncontrolled series ; where parallel balsam and polystyrene 
series have been prepared, the Inemalum and eosin staining has proved 
particularly and equally persistent. 

The reader interested in polyst 5 rrene should consiilt the paper of 
Staudinger and Stanley (1938) ; the subject! of plasticisers is dealt with 
by Clark (1941). 
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Summary 

Tho iii>o of a sjnthetio polybtyrcno rc;»in (Distruio 80) in placo of Canada 
balsam dcmancL* tlio comploto rcmo\al of paraiUn wa\ from tho slide 

Tho uho of dibut^lplithalato aa tho plasticiser has certam nd\antQges 
and bccms iii no uay to dirninibh tho buporionty of this medium over Canada 
bal->am , it does not romovo tlio need of dissolving away all paraffin \\ax 
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THE OPTDUL SPACING OF VACCINE INOCULATIONS 
Hvuuy ScinrrzD 

From the Ba<Ucnological Department, Lister Institute, 

Elstree, Herts 

It has been customary to give tho second da^o of a prophylactic bacterial 
vaccino after an interval of S 10 days, tho reason for tins being that about 
tins tmio tho imtibody production w at its height A second dose then, 
It was argued, should produce tho maximum cfTict 

With tho addition of an antigen xuch ns tetanus toxoid to a vaccine 
it becomes neco!s:»ary for tho attainment of optimal antitoxin immumty to 
space tho dosCS at an mcreastd uitcrvol of 4 G wcelcs and tho question then 
arises, will this iirolongation which is> essential for the toxoid prove dis* 
advantageous to tho bactcnal jmmunij,ation t 

Tho vaccine tlioscn for tho elucidation of thi-* point was one made from 
S typlix murium, that organism being a natural parasite of the mouse, m 
which animal it was proposed to carry out tho experiment Tho pure lino 
“ E ” stram of mico employed was very siLsceptiblo to mfection with 
S typhi inurium Tlio culture was a lughly virulent stram “ 480/40 ” 
isolated from a fatal case of food poisoning and lundly supplied by Dr JIarion 
Watson, the vacemo prepared from it bemg an alcohol killed and alcohol* 
pro'scrved salino suspension of agar growth at 37® C 

BatcliCb of 20 mico rocoiv^ two subcutancoas moculations, tho first 
contammg 200 x 10* organisms and tho second double that amount Two 
batches were moculated with tho customary mterval of one week , two 
othens received their second injection after a period correspondmg to that 
employed when odmmistermg tetanus toxoid, namely 4 weeks One group 
of the pair receiving closely spaced doses was tested for agglutinins ono week 
after tho second moculation and for active immimity 3 wecics after that 
mjection, wlulo tho otlier group was tcistcd for agglutinins 7 weeks and for 
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active immxznity 9 weelis after the second inoculation. The same arrange- 
ment was carried out in the two groups receiving widely spaced doses, the 
inoculations being performed on such dates that the tests for active immunity 
by infection with living S. typhi murium could all be carried out at the same 
time. 

Only one death from “ natural causes ” occurred in, the course of the 
ninety days taken by the experiment, though several took place while the 
■mice were being bled from the tall imder ether or during the preliminary 
heating of the animals in the 37“ C. incubator to render the flow of blood 
from the clipped tail more active, excessive exposure to tliis temperature 
readily giving rise to heat apoplexy. 

The sera were tested for agglutinin content against a formolised suspension, 
of the O variant S. typhi murium “ Glasgow 0 ” and active inununity by 
intraperitoneal inoculation with the virulent strain S. typhi tnurium “ 480/40 ” 
used in preparing the vaccine. A minimal dose of 300 organisms was given ; 
but such is the susceptibility of the E strain mouse to S. typhi murium 
infection that even among the inoculated there were no survivors and the 
effect of immunisation had, as in previous experiments (Schiitze, 1939), 
to be deduced from the prolongation of life resulting from the vaccination. 

Table I gives the somatic titres found in the four inoculated groups, 
the figures for the sexes being entered separately, as earlier %vork with E 
mice had demonstrated diverse sex reactions in respect of antibody formation ; 
in the average for the sexes combined, account was taken of their respective 
numbers. The geometric mean titres were calculated by assigning the 
numbers 1, 2, 3, etc. to the different dilutions and taking the average of 
these figures. 

Tousle I 

0 agglutination titres of mice inoculated with two doses of S. typhi murium 
vaccine at different mtervals and bled after varying periods 


Interval 

Time of 



Number of mice with 0 titres of 1 ; 

Geometric 
mean of 
titre 

between 

bleeding after 

No. of 

Sex 








doses 

2n(l close 

mice bled 








(weeks) 

(weeks) 



15 

30 

GO 

120 

210 

4S0 


4 

7 

10 




8 


1 


1 


4 

7 

8 




t> 

4 



2 

I 

7 

(5 

HI 


3 

2 






1 

7 

S 



1 

2 

3 

1 

1 


4 

4 

1 

1 

10 

8 

m 



3 

2 

3 

■i 

3 

1 

o 



1 

1 

9 

M 

1 

o 

3 





3-S}2-81 

1 

I 

8 

F 


1 

4 

1 

0 




It can be seen from table I that a significantly higher titre is obtained 
with a spacing of 4 weelts between the two vaccine doses than rvith a spacing 
of 1 week. Tliis result is achieved whether the mice are tested 7 weelrs or 
1 week after the 2nd dose. That an increase in spacing is not damaging to 
ithe production of agglutim'ns in man has been demonstrated by Maclean 
and Holt (1940), who found that a prolongation of the interval between 
two doses of T.A.B. vaccine from 1 to 4 weeks did not_alter the degree of 
response to the antigens of the vaccine. From tliis table it is also seen that 
females have a greater capacity for O antibody formation than males. 
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which 13 m accortlauco witli fomici ob-sirvatioiia with thi3 btraiu of inico 
(Gorer an<l Scliutic, 1938) 

III tablo n arc gncn tlio ixiulta of t!io tijsfc for acti\o immunity earned 
out at var> mg periods after tho second of two cIom l> or widely spaced doses 

Tahu- II 

*lchto immuntlij in mice inocutofed wUli tico doses of S tjphi murium taceme 
at diffircnt intenitU and guen after tarymg periods a test dose of S typhi 
muriiun 


iDtcrrvl between 

Intcnal frorn 2o(t 4o c 

No of mice 

Sti. 

\\cragp Ic!uth of life 

d0sU5 (wi-ckd) 

to tcht (xueka) 

of mice (4ajd) 


9* 

L; 

M 


•1 

U 

B 

h 

00/ 


0 

H 

M 

;°g}.oo 


U 

B 

V 

1 

4 

4 

4 

11 

B 

M 


1 

3 

11 

M 

iSo} »» 

1 

4 

8 

1 

ConiroU 


12 

il 


*’ 


3 

F 


Tho degree of miniumty conferred b> two do-^ea of \accmo w slioini in 
table II to be no lcs3 when tho customary mtcreal of 1 wtik is altered to 
ono of 1 weelvS , in all eases tho surviMil period of tho lmmunl^cd mice ns 
compared with tluit of tho uumoculated coutroU has been mcreased to an 
equal c'etcnt, tho controls dying after an average of 0 dnja and the immumsed 
after about 10 dajs That there vvos no sex differciico m re-.pect of aeerogo 
length of life was, it uiaj bo noted, \uio\pcctcd, for on a previous oecnsion 
tho jncreiicd survival timo of females was quite definite Tho strain of 
S t’jpJn Jiiurium ** 0079 ”, used then m a do&o of 20 000 organibins, lulled 
non immuiUbcd males in an average of 3 b dayb but ft males onl> after 4 5 
dajs To re test this point non immunised C unco wero moculatcd ultra 
pcntoneally w ith largo and bmall doses of tho higlily v irulcnt straui “ 4S0/40 ” 
and with a largo doso of tho less virulent straui ‘ Uganda ' , tho results 
aro corap irod in tablo III 

Table IU 


SiisccptibiUtg of male and female B mice to inoculation with 
tiLO strains of S typlii murium 


>>o of mice tested 

Sex 

Do&eandhtmlnof-S > >unu> i 

\\ crage length of life 
(Jajs) 



IbO of ‘ 4S0/40 ” 

6 1 


F 

480 of ‘ 480/40 “ 

6 4 



120,000 of ‘ 430/40 ’’ 

4 5 


F 

120 000 of “480/40 ” 

4 5 


51 

102.000 of “ Uganda ’’ 

102.000 of “ Uganda ” 

G 2 


F 

9 7 


jocaii OF TATU — loL un 2a 3 
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It is apparent from table III that the strain “ 480/40 ” is not more lethal 
for male than for female mice, whether the close be large or small, whereas 
the strain “ Uganda ”, like “ 6079 ” previously mentioned, demonstrates a 
marked difference in resistance between the sexes. It would seem therefore 
that this difference is elicited only by certain strains, but upon what characters 
tliis capacity to differentiate depends is imknown. 

Discuasion 

By increasing the spacing between two doses of S. typhi murium vaccine 
from the customary interval of 1 week to one of 4 weelts no alteration in 
the active immimity of the immunised mice, as judged by their resistance 
to a subsequent infection with living S. typhi ^nurium, was noticeable. Such 
a change in the teclmique of immunisation as is necessitated by the intro- 
cluction of tetanus toxoid into a typhoid-paratyphoid vaccine, for example, 
should not prove disadvantageous in the immunisation of man. Indeed, 
if the antibody titre of an inoculated animal is an index of the immunity 
achieved, though this is by no means sure, increased spacing must be regarded 
as an improvement in the method of inoculation, for the 31 mice receiving 
the second dose one week after the first had a mean O titre of 1 ; 00, while 
the 36 mice whose second inoculation fell four weeks after the first attained 
a mean titre of 1 : 160. 


REFERENCES 


Gokeb, P. a., and Schutze, H. 
Maclean, I. H., and Holt, 
L. B. 

Schutze, H 


1938. J. Hyy., xxxviii, 647. 
1940. Lancet., ii, 581. 

1939. Ibid., ii, 643. 


576 . 851 . 2 (Diplococcus mucosus von Lingelsheim) 

DIPLOCOCeVS MUCOSUS VON LINGELSHEIM : A DESCRIPTION 
OF A STRAIN WITH COMMENTS ON THE SYSTEMATIC 
POSITION OF THE ORGANISM 

Allan M. McFarlan 

From the Emergency Public Health Laboratory, Oxford 

Capsulated Gram-negative diplococci were isolated by von Lingelsheim 
(1906, 1908) from the nasopharynx and cerebrospinal fluid and called by 
him Diplococcus mucosus. Elser and Himtoon (1909) isolated similar 
organisms from the nasopharynx. Wilson (1928) and Wilson and Smith 
(1928) did not encounter capsulated strains in their study of nasophar 5 mgeal 
NeisseriiB, but suggested that such strains might be mucoid variants of 
N. pharyngis. Cowan (1938) described two strains of capsulated Neisseria} 
isolated from the cerebrospinal fluid of patients after operation for cerebral 
tumour and suggested that Diplococcus mucosus should be called Neisseria 
mucosa. In view of these differing opinions^ and of the rarity of capsulated 
Neisseria}, the following observations are reported on a strain isolated from 
the cerebrospinal fluid of a case of meningitis. 
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Sooncc OF THE STRAIN 

Tho strain I'^olutcd by ilujop J Boycott, RAMC, from a man 
u^cil 22 jtars, was seen on account of bed wetting and gcniral alovcnli 
ness and who was foimd to )ia\o scminmg speech and intention tremor 
Pjroxin and sigius of meningitis supervened and lumbar pimcturo yielded 
a pimiUnt Ituul witli Gram mgatuo diplococci in tho films, some of them 
intricellulur Snlpluipjridmo treatment \\as instituted and tho patient 
improvetl rajiidlj and made a complcto recovery 

CllARACTLllS OF Tllh STRAtN 

It was noted by Major Boycott tlwt tht> growth in cuUuio was more 
rapid and profaso than that obtained viith inentiigococei, and that in films 
tho COCCI yJiawod less variation tii «i7o and elopth of staining than is icsuil 
with that organism Ghicoso wits fimunted and iimltoso shghtlj fernunted 
Tiiero was no agglutination with inomngococcal strum 

On plating out tho strain two tjp»s of colony were obtained Type A 
wn-s ojiaquo and round and had a regular e dgi , glos3> surface and liighly 
convov eluvatioii Tjpo B wits tmiislucint and roiuid and had an irregular 
edge, wrinkled surface and flat conical elevation Ihis colonial difitri ntiutioa 
persisted during repeated subcultures over three montli& Ntitlicr typo 
Sshowed van uit colonics resomblmg tho other 

Morphology 

On all media both tjpos showed Gram negative cocci m purs, rarely m 
tetituU, and occasionally (more frtqiuntly in typo A) in largo irregular 
clusters nioy wtro spherical, with slight flattening of tho oppo td surfaces, 
1/1 in dinmetor and non mottle Capsules wiro demonstrated by nigioam 
and by Muir’s method on aovcrol occasions during tho first thno wetl^ of 
btudj After tlireo montlis m culturo no caiteulrs wtro demonstrable 

Cultural cIiaractcTa 

Incubation was at 37® C unless otlierwisi* stated 

Ayar pUUe Typo A 21 hours Good growth, confluent and mucoid 
along initial stroke Separate colonics (15 2 mm ) round, with regular 
edge, domed, glossj, opaque, yellow groy, viscous and cosily emulsified 
JS hours Colonies slightly increased ui size, compact, high convex and 
mucoid 4 days Colonies 3 5 mm , mUmlly striated, with convex centre 
and bevelled edge 

Type B 24 hours Good growth, confluent along initial stroke 
Separate colonies up to 2 mm , low conical with slightly irregular edge and 
matt surfact, tmnsluccnt, blue grey by transmitted light, soft and easily 
craiiLsified IS hours Colonies up to 3 mm , with flattened border, concentric 
contouring and dry, slightly wrinkled surface 4 days Colomes up to 4mm , 
low conical with flat periphery, urcgiUar edge and wrinlded surface 

Horst blood agar plate Growth equal to that on plain agar Similar 
differentiation of A and B types of colony lU defined clcarmg but no 
definite hamolj'sis imdcr growth of typo A where confluent No change 
m blood w ith typo B 

MacConkey's ayar plate 24 hours Both tyjics showed umbonato 
colonies, smaller than on plam agar and less clearly differentiated 48 hours 
Typo A Domed, mucoid, opaquo colomes Type B Flat, translucent, 
vvrmlUed colonies Differentiation now marked 
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Loeffler’s serum slope. 24 hours. Type A. Confluent, yellow-wliite 
mucoid growth with glossy surface. Type B. Almost confluent growth of 
small grey colonies with dull surface. No liquefaction with either type 
after seven days. 

Heart broth. 24 hours. Type A. Marked tmbidity. Type B. Slight 
turbidity. Both types produced a slight granular deposit which was easily 
shaken up. 4S hours. Both t 3 rpes showed increased turbidity and t 3 q)e A 
a surface ring. 

MacGonlcey’s broth. 24 hours. Both types caused turbidity but produced 
no acid. 

Gelatin stab. At room temperature both types gave gro-wth down the 
needle track and spread slightly on the surface. No liquefaction after four 
weelts. 

Biochemical reactions 

In peptone water sugars type A produced acid in glucose but not in 
maltose, mannitol, lactose, sucrose or salicin. Type B fermented none of 
these substrates. Tubes were incubated for tlireo weeks and good growth 
was obtained. On litmus serum agar slopes type A produced acid in glucose 
but not from maltose nor sucrose. Type B produced no acid in these sugars. 
With both types litmus milk was rmchanged and both were methyl red—, 
Voges-Proslcauor— , indole—, catalase +, trace. 

Metabolic behaviour. No growth occurred anaerobically. At room 
temperature growth was slower than at 37° G., with marked differentiation 
of types A and B. 

Serology 

No agglutination with group 1 or group 2 meningococcal serum. 

Animal inoculation 

One-half ml. of a 24-hour broth culture of each type was inociflated 
into two mice intraperitoneally and one mouse subcutaneously. None of 
the mice showed any lesion when Icilled seven days after inoculation, and 
heart blood and spleen were sterile. 

Discussion 

The demonstration that this strain of Neisseria was capsulated suggested 
that it was an example of Diplococcus mucosus. The capsules as observed 
with nigrosin were large and definite and unlilte the indefinite haloes 
demonstrable round meningococci. In addition, they were stained by IMuir’s 
method, so that they appear to be definite structures. Using the word 
capsule in that sense, it is still possible to subscribe to the statement of Elser 
and Huntoon that Diplococcus mucosus is the only capsulated member of 
the genus Neisseria. They noted as its distinguishing features capsulation, 
growth on plain agar, growth at room temperatrue and succulent mucinous 
colonies. The A type here described fulfils these criteria. The B type 
appears to be a rough variant with colonies resembling those of N. pharyngis 
sicca. Bake (1933)- isolated strains of meningococci and of N. flavescens 
wliich exhibited similar colonial variation. Wilson and Smith foimd great 
variation in colony form among strains of N. pharyngis and in the same 
strain at different times and on different media. It is clear that colonial 
variation is not a vaHd criterion for species differentiation in the Neisserise, 
"and the observations recorded hero show that capsulated strains vary in 
colonial form as do the non-capsulated varieties. 

Cowan’s two strains of Diplococcus mucosus fulfilled Elser and Huntoon’s 
criteria, but differed in several respects from the strain described- here. 
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lluiy proiluccU ncul iii glucoao luid aftor twenty oiio days from lactose, wlulo 
thiH typo A produced ncul m gluco'io onl^ ^md tyi>o B in nono of tho sugars 
tOjtcd Ills strains gave acid and clot in Iitnins inilU , with tins straui 
litiniiH milk \\as iinclmigid Hero nguin W'^ilaon and Smith foimd great 
irregularity m tho fornuntation reactions of N pharf/iigia and in tlus icspcct 
also Diplococcus mucoaus falls mto luio with that group Cowan’s strains 
lujuchwl gelatin aft< r sovtn <lajs Tins strain did not do so aftor four weeLs, 
which agi’ecs with von Lmgclslieim’s description, although ho docs not stato 
how long ins struma wero oIiatr\cd 

'Iho ability of tlus btruiu and of Cowan s strains to grow on SlacConlcoy’s 
agar merits attention Tlirco recnitlj isolat< d strums of N pharyngis did 
not grow on it, but further tests nro neeehd before tho significance of thes 
obsercation cun bo assessed 

Cow dll’s htrains in doses of 0 05 ml of broth culture Icilli il mice regularly , 
and von Lingelaheim fomul tiuit his strums wero pathogenic for mice 
llvideutly somo capsulated Xcisscini aro pathogenic, but this strum resembles 
tho majoiity of Necssen'o m being non pathogenic for mice 

Tho ovidtivco in favour of tho pathogenicity of Diplococcus inucosus for 
mail IS mconelasive Ono of von LingeLslieun’s stiains emno from tho 
cerebrospinal fluid of a patient with pnouinonia and meningeal sj'mptoms 
Cowan’s htrama we ro isolateil from tho cerebrospinal fluid of cases of infection 
following opemtion for brain tumour, but tium was no lustological ovidenco 
of inflammation in tho ono whicli cumo to po»t mortem Iho stiain hero 
described was isuhited m pure culturo from u caso of imningitLS but on ono 
occasion only It set las liiglU> probiblo that it was tlio caubutivo organism, 
but niscr and Huntoon conclude tliat various Ncisscrni isolated by von 
LingeLsheini in himilar circumstancQS were contaminants and udcibo cauCiou 
in claiming pathugemcit> for sucli strains Even if tho pathogenicity of 
Diplococcus mucosua for man were Cbtabhslicd that would not diffcientiato 
It from tho phari/iigts ^roup, for Garland (1D23) reports a ca>o of meningitis 
duo to jV co-tarrhalis and cites thico others, and Branham (1930) reports 
an outbreak duo to N /laicsccns Thus nasopharyngoul Ntis-scriu other 
than tho meningococcus do occasionally cause meningitis in man 

Tho observations recorded m tlus paper '«how that btrima of capsulated 
Neibbcnu3 whicli aro apparently examples of Diplococcus uiucosus vary m 
cultural and biochemical characters Tl' ^ differences between tho stnvm 
hero dibcnbcd and otliers provioiwly described remove colonnl diameters, 
fermentation reactions and iiatliogcmcity for niico from tho list of differential 
characters of tho orgmisin It appears that capsulated NoioScri'U which 
grow on plain agar at room teinpoiaturo hnvo many reaeinblanccs to tho 
N pluiryngis group Further study of such straiies, including serological 
irivcatigation, is required before deciding to constitute a species N mucosa 
as proposed by Cowan, and it seems possible that such studies will show 
tho straiiw to bo related to the N pharyngis group as Wilson and Smith 
suggest 

SuM3iAn\ 

A fatram of Diplococcus tnucosus is described It differs from btraina 
previoublj described m having a rough variant colony, m its fermentation 
reactions and m its lack of pathogenicity for mice Tlieso differoncos favour 
tlia biiggcstion tliafc tiio organism la a variant of tho Neisseria pharyngis 
group Tiio systematic position of tho organism is uncertam and study of 
further strains is required 

I desiro to thank Major Boycott for sendmg tho stram and for notes 
about tlio caso from winch ho isolated it 
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BOOK RECEIVED 


Tho biologic lundamontals of radiation thorapy 

By F. Ellinouu. Now York : EKivjor Pnbl^^l^l^g Co., Inc. , London : 
II. K. Lowia and Co. l^). \ iiiul 300, 79 toxt figs. 30s. 

Thw 'jhort book is a traiLsIatioii of ono pubhshul m Ccmuui ju lOS.'i 
and '^mco brought up to duto by Iho uutiior. In it is presented a siu^voy 
of an unniLMiao htciuture on fhu biological olTtcts of radiation. 

About ono thml of tho book conci rns tho effects of hglit and light 
thenipj and includes tho uuthor’a own contributions. Tho remainder 
dials largely with tho (‘ffects of X niul gamma radiation on orgiuw and 
ti-vsiKs, including an account of the \\«‘I1 known thi'oiies of radiation 
action. A hinall stction deub with tho « fleets of nidialion m malignant 
disi'iiso. Tho chapters on tho efli'its on tho •'Kin both of ultmvioIi‘t 
light and of X*radiat{ori aio tho mo'>t com])rehea'>i\o and nubcato tho 
ONNW gvx'Wt mloTist n\ Um fieUl 'rhv'> eiticts of \igbt on tbo 
likm nro evcilkntly siunuiansid and tlio dincription of tlm underlying 
michanisms invoKtd certainly piovidcs a biological basis for an 
underbtanding of the problems n'>sociatcd with light therapy. The 
oliaptor on hUin efftcts following roentgen ray« is aKo will written; 
if u criticism may bo lo\ oiled lioix* it ts of tlio author's uasumptiun tliat 
skin er^tlii’ina following r/idintion tbirapy ^lioiild stop short of tlio 
stage of moist desquamation. This stago, which is described among 
tho irroversible f«km changes, is n'gardcd by tho author as a bum and 
ns resulting from “ caielessia ss or faulty techniquo”, whereas a falun 
reaction which uaclus moist dcsqiiamutmii is deliberately envisaged 
in maii^ cases as tla* necessary accompaniment of a curative dose of 
radiation iSueh a reaction, wlnlo leaving no jiormanent visiblo mark 
on tho skin, is irnworsible m that such skin is less able to tolcrato 
biibsoipiciit radrution. 

In a sliort book such iu< tins it is impossiblu for tlio author to deal 
adequately with all tho biological aspects of radiation and tho physical 
Side of radiation theuapy law been largely omitted. Fiom bomo htand* 
pomts this IS a pity, since it is tho uutlior's intention to piovido tlio 
aiiuume'iittuuim fiom which therapeutic measures can bo evolved and 
thobo dejiend fundaine’iitally on tho mcabure'inent of dosago. In rtspeeb 
of gamma rajs particularly tho unit of dosago in roentgens is mentioned 
only U.S a footnote, altliougli tho gnrnmn roentgen lias been accepted 
mtenuitionully hiiieo 1937. 

Whilo tho book will bo found of interest by many it will appeal 
jinmanly to reseaich workers m tho many fields of radiation as providing 
a well documented digest of tho literature. There is a bibliogrupliy of 
1100 refoiences. 
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